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I. INTRODUCTION
1. In this Notice of Inquiry, we take a fresh look at the role of receiver performance in  our spectrum management responsibilities, with the goal of facilitating new opportunities for use of our nation’s spectrum resources.  Forward-facing spectrum management necessitates that the Commission continuously promote more efficient spectrum use to enable the introduction of valuable new wireless services that benefit the American people.  As spectrum use across the radio frequencies (RF) becomes more intensive, and services are packed more closely together, Commission spectrum management policies must consider potential efficiencies across all aspects of wireless systems, not just transmitters but receivers as well.  While the Commission has typically focused its rules on the transmitter side of radio systems, as several recent Commission proceedings have underscored, receivers and receiver interference immunity performance play an increasingly critical role in enabling more efficient spectrum use.
2. We seek through this Notice of Inquiry to develop an up-to-date record on the role of receivers in spectrum management and how we might best promote improvements in receiver interference immunity performance that would serve the public interest.  We seek to build upon the progress, including technological advances, in recent years that has enabled better receiver interference immunity performance, and we seek comment on where those efforts and advances have been most successful.  We also seek to learn lessons from recent Commission proceedings in which receiver performance concerns have been prominent, to better inform the Commission as it considers how to ensure valuable and innovative services are able to thrive across the frequency range.  To further assist our efforts, we also seek to consider anew the efforts, reports, studies, and recommendations, including several of the Commission’s Technological Advisory Council (TAC) White Papers, that have been proffered in recent years regarding the kinds of actions that the Commission should consider.
3. In sum, we begin the process of developing potential pathways for improvements in receiver performance, where and as appropriate, that will aid in making spectrum management more effective and provide more benefits to the American public.  As we discuss below, we recognize that a variety of approaches may be appropriate, whether through industry-led voluntary measures, Commission policy and guidance, or rule requirements where other approaches would be insufficient.  In this important first step we seek to compile a comprehensive record on the various issues that the Commission should consider, inviting broad comment from all stakeholders as we consider these issues.  We look forward to reviewing the record that develops from this Inquiry to inform us regarding possible next steps that the Commission may take in the future to promote efficient spectrum management in the public interest. We note that this Notice of Inquiry is the first step in a longer process of examining whether and how receivers should be treated within the Commission’s regulatory context.  The Commission, as spectrum manager for non-Federal users, may seek more focused comment in the future.  By creating an up-to-date  comprehensive record on possible approaches the Commission could take regarding receivers and how those approaches may interrelate with other approaches or ongoing Commission efforts, we will then be in a better position to consider whether specific proposals may be warranted.  This NOI does not seek comment on or address the interagency process between the Commission and NTIA or other Federal agencies on overlapping non-Federal and Federal spectrum management issues.  As we continue to work through that established process with NTIA and other federal agencies, this inquiry will inform the Commission regarding whether it should consider more concrete actions in the future.

II. BACKGROUND
A. Commission Notice of Inquiry on Receiver Performance Specification
4. In 2003, the Commission adopted a Notice of Inquiry (NOI) to begin “consideration of incorporating receiver interference immunity performance specifications into our spectrum policy on a broader basis.”  Interference Immunity Performance Specifications for Radio Receivers, ET Docket No. 03-65, Notice of Inquiry, 18 FCC Rcd 6039 para. 1 (2003) (NOI on Receiver Performance Specifications).  This NOI arose in part in response to recommendations of the work of the Spectrum Efficiency Work Group, a part of the Commission’s 2002 Spectrum Policy Task Force.  See SPTF Report of the Interference Protection Working Group (ET Docket No. 02-135).
  The Commission noted that incorporating receiver performance specifications could promote more efficient spectrum use and create opportunities for new and additional use of radio communications services by the American public.  The Commission indicated that consideration of receiver interference performance specifications could be in the form of incentives, guidelines, or regulatory requirements (or a combination of these) in particular frequency bands, services or across bands and services. NOI on Receiver Performance Specifications, 18 FCC Rcd at 6039, para. 1.

5. The 2003 NOI sought information, comment, and research concerning the immunity performance and interference tolerance of existing receivers, the possibilities for improving the level of receiver immunity in the various radio services, and potential impacts of receiver standards on innovation and the marketplace. Id. at 6039-40, para. 2.
  In particular, the Commission sought comment on the following issues – receiver performance parameters (e.g., selectivity, sensitivity, dynamic range, automatic RF gain control, shielding, modulation method, and signal processing); the current RF environment and receiver interference immunity performance; various approaches that the Commission should consider for incorporating receiver interference immunity performance guidelines into spectrum policy (including voluntary industry standards, guidelines promulgated by the Commission, and mandatory standards); receiver performance in various radio services; the potential impact of receiver performance specification on innovation and the marketplace; and the treatment of existing receivers and the transition pathways to improved receivers. See generally id.

6. Several commenters responding to the 2003 NOI supported the Commission’s further exploring interference immunity performance standards and agreed that improved receiver performance can help improve spectrum efficiency and ensure greater access to spectrum for all users; they differed, however, regarding the appropriate approach(es) and how to implement them with respect to particular bands. See comments filed in ET Docket No. 03-65.  Thirty eight parties filed comments, and fourteen filed replies in ET Docket No. 03-65.     
  In 2007, the Commission terminated this proceeding “without prejudice to its substantive merits.” Interference Immunity Performance Specifications for Radio Receivers, ET Docket No. 03-65, Order, 22 FCC Rcd 8941, para. 2 (2007).
  The Commission stated that, with the passage of time, the record had become outdated and that, to the extent that receiver interference immunity performance specifications are desirable, they could be addressed in proceedings that are frequency band or service specific. Id.

B. Commission Rules on Receiver Performance Requirements
7. As a general matter, the Commission’s regulation of transmitters has at least implicitly provided for an RF environment that affects receiver performance insofar as the technical characteristics of receivers are expected to process those transmissions to successfully establish communications.  The overall objective of that regulation has been to provide, through limits on  power levels, in-band and out-of-band emission limits, operational requirements regarding antennas, etc., an RF environment that facilitates those communications as much as possible.  In some limited circumstances, the Commission has more directly addressed regulated receiver performance, both through performance standards and performance incentives, only in limited circumstances, such as in the examples that follow.   
8. 800 MHz Band Public Safety Re-banding.  In the 800 MHz public safety re-banding proceeding, minimum receiver performance was a major consideration when establishing whether a licensee operating in the band could claim entitlement to protection against “unacceptable interference.” See Improving Public Safety Communications in the 800 MHz Band, Report and Order, Fifth Report and Order, Fourth Memorandum Opinion and Order, and Order, 19 FCC Rcd 14969, 15033-35, paras. 109-114 (2004).  See also 47 CFR §§ 22.970(a), 90.672(a) (defining “unacceptable interference”).
  Specifically, the Commission established a bright-line test for determining if a licensee is fully eligible to claim protection against “unacceptable interference” based on, among other factors, the characteristics of the receiver being employed by the licensee seeking protection. 47 CFR §§ 22.970(b), 90.672(b) (specifying minimum receiver intermodulation rejection ratios, adjacent channel rejection ratios and minimum reference sensitivity levels for a licensee to claim entitlement to full protection against “unacceptable interference”).
 
9. 900 MHz Band.  The Commission adopted for the 900 MHz band interference criteria similar to those established for the 800 MHz band.  Like in the 800 MHz band, the Commission established a definition of “unacceptable interference” to 900 MHz narrowband licensees from 900 MHz broadband licensees and established technical parameters including a receiver intermodulation rejection ratio, adjacent channel rejection ratio, and reference sensitivity. Review of the Commission’s Rules Governing the 896-901/935-940 MHz Band, WT Docket No. 17-200, Report and Order, Order of Proposed Modification, and Orders, 35 FCC Rcd 5183, 5244-45, paras. 158-161 (2020); 47 CFR § 27.1510.  The specified levels are: -104 dBm or higher at the RF input of narrowband licensees’ mobile receivers and -101 dBm or higher at the RF input of narrowband licensees’ portable receivers.

10. Digital Television.  Improved receiver performance was a major consideration as the Commission prepared for the DTV transition.  Prior to that transition, the Commission adopted a series of decisions intended to help address issues regarding the conversion of analog TV to digital TV, a transition that was finalized in 2009.  In planning for the DTV transition, the Commission had anticipated the need for certain minimal receiver specifications.  Several interested parties had recognized that voluntary transition might not be sufficient, and the Commission agreed, mandating receiver specifications for TV broadcast receivers in 2002 that would go into effect after a specified phase-in period to ensure a smooth transition. Review of the Commission’s Rules and Policies Affecting the Conversion to Digital Television, MM Docket No, 00-39, Second Report and Order and Second Memorandum Opinion and Order, 17 FCC Rcd 15978 (2002) (Rules and Policies Affecting DTV Conversion) (applying 47 U.S.C. § 303(s)).  The Commission adopted requirements for tuning controls, attached antennas, “peak picture sensitivity,” noise figure, DTV reception (a tuner mandate), antenna/cable selector switch isolation, and the now-obsolete consumer alert for analog-only receivers.  Id. at 15998-99, paras. 40-46; 47 CFR § 15.117.   The Commission also adopted rules specifying very detailed requirements and measurement methods for cable TV receivers for adjacent channel interference, image channel interference, direct pickup interference, tuner overload, and cable input conducted emissions.  See also Implementation of Section 17 of the Cable Television Consumer Protection and Competition Act of 1992; Compatibility Between Cable Systems and Consumer Electronics Equipment, ET Docket No. 93-7, First Report and Order, 9 FCC Rcd 1981, 1997-2000, paras. 91-113 (1994), reconsidered in part in Memorandum Opinion and Order, 11 FCC Rcd 4121, 4130-4131, paras. 58-65 (1996) (applying 47 U.S.C. § 544a); 47 CFR § 15.118.

11. Part 96 Citizens Broadband Radio Service.  The Commission adopted rules in the 3.55-3.7 GHz Band governing reception limits for Citizens Broadband Radio Service users and incumbents that established “acceptable levels” of in-band and adjacent band interference for operations.  These limits apply to Priority Access Licensees, 47 CFR § 96.41(f) (“Priority Access Licensees must accept adjacent channel and in-band blocking interference (emissions from other authorized Priority Access or GAA CBSDs transmitting between 3550 and 3700 MHz) up to a power spectral density level not to exceed −40 dBm in any direction with greater than 99% probability when integrated over a 10 megahertz reference bandwidth, with the measurement antenna placed at a height of 1.5 meters above ground level…”).
 incumbent FSS earth stations in the 3.6-3.7 GHz band, 47 CFR § 96.17 (a).
 and adjacent band FSS earth stations used for telemetry, tracking, and control. 47 CFR § 96.17 (b).
  The Commission also established received signal strength limits for Citizens Broadband Service Devices (CBSDs) and required Spectrum Access System administrators to manage transmissions to ensure that aggregate signal strength remains below a fixed threshold between geographically adjacent service areas held by different licensees. 47 CFR § 96.41 (d) (1) (“For both Priority Access and GAA users, CBSD transmissions must be managed such that the aggregate received signal strength for all locations within the PAL Protection Area of any co-channel PAL, shall not exceed an average (RMS) power level of −80 dBm in any direction when integrated over a 10 megahertz reference bandwidth, with the measurement antenna placed at a height of 1.5 meters above ground level, unless the affected PAL licensees agree to an alternative limit and communicate that to the SAS.”); 96.53 (c).

12. Part 27 Broadband Radio Service/Educational Broadband Service.  The Commission established rules that specify the minimum signal level below which Broadband Radio Service/Educational Broadband Service base station receivers in the 2496-2690 MHz band do not receive interference protection from co-channel base station transmitters not exceeding the height benchmark. 47 CFR § 27.1221(c).

13. Part 27 3.7 GHz Service.  When authorizing the 3.7-3.98 GHz Band for flexible use, the Commission adopted rules to protect incumbent Fixed Satellite Service (FSS) earth stations from out of band emissions and blocking interference; these rules that require that transmitters are separated from FSS earth station receivers by 20 megahertz and meet both in-band and out-of-band power-flux density (PFD) limits as measured at each incumbent FSS earth station antenna and established specific protection criteria for earth stations used for telemetry, tracking, and control. 47 CFR § 27.1423.
  The Commission also adopted rules that required passband filters to be installed on incumbent FSS earth station antennas and established a transition process to, in part, ensure that such filters are acquired and installed at each antenna. 47 CFR 27.1411(b)(5); 47 CFR §§ 27.1412 and 27.1413.  See Expanding Flexible Use of the 3.7 to 4.2 GHz Band, GN Docket No. 18-122, Report and Order and Order of Proposed Modification, 35 FCC Rcd 2343, 2478 at paras. 370-71 (2020) (3.7 GHz Report and Order).
  
14. Part 80 Maritime Service.  The Commission adopted several technical requirements, such as sensitivity and/or stability requirements, for certain receivers in the Maritime Services. See, e.g.¸47 CFR §§ 80.121(b)(2); 80.858(c)(1); 80.874(b); 80.913(e); 80.961(b).  
  It also has incorporated by reference standards for Global Maritime Distress and Safety System operations which include receiver operational and performance requirements. 47 CFR §§ 80.7(d)(8), (10), (12).
   
15. Part 87 Aviation Service.  To maintain the accuracy of critical location information for applications such as aircraft precision landings, Part 87 Aviation Service rules specify performance requirements for differential GPS receivers (in the presence of undesired VHF-FM broadcast signals) relied upon for aviation safety purposes. 47 CFR §§ 87.151(c), (d).  

16. Part 95 Personal Radio Services.  To ensure that life-saving Personal Locating Beacons and Maritime Survivor Locating Beacons operate properly and do not further endanger those in distress and/or rescue personnel, these devices must meet technical standards incorporated by reference in the rules which include receiver operational and performance standards. 47 CFR § 95.2989.
 
C. Recent Proceedings 
17. In several recent Commission proceedings, the receiver interference immunity performance associated with incumbent services operating in spectral proximity to new users or services has been a major consideration.  In these cases, the ability of incumbent service receivers to reject signals outside their intended band has been directly relevant to the timing and scope of the introduction of new services.
18. For example, in both the Ligado  and the 3.7 GHz Band proceedings, the Commission adopted operating conditions and rules to enable the introduction of new operations into frequency bands with various incumbent users operating under different service allocations in the same band, adjacent band, or other spectrally proximate frequency bands. See In the Matter of LightSquared Technical Working Group Report, et al., IB Docket Nos. 11-109 and 12-340,  Order and Authorization, 35 FCC Rcd 3772 (2020) (Ligado Order); Expanding Flexible Use of the 3.7 to 4.2 GHz Band, GN Docket No. 18-122, Report and Order and Order of Proposed Modification, 35 FCC Rcd 2343 (2020) (3.7 GHz Report and Order).
  Although the factual circumstances of these two proceedings differ, both illustrate the challenges that systems face to co-exist and successfully operate when the spectral environment changes especially when incumbent systems may have been designed based on different assumptions about the RF environment in adjacent bands or other nearby frequency bands.  These proceedings demonstrate that having accurate and timely information about receiver characteristics can be helpful in the Commission’s analysis of potential harmful interference concerns and also highlight several other spectrum management issues that can arise with respect to receiver interference immunity performance, including receiver interference susceptibility, receiver selectivity, the impact of technological advancements (including filtering), and legacy devices. Both the Ligado Order and the 3.7 GHz Report and Order are the subject of petitions for reconsideration, which remain pending.  
 
D. Technological Advisory Council (TAC) White Papers and Workshops
19. In recent years, the Commission’s Technological Advisory Council (TAC) also has been engaged in examining various technical issues concerning receiver performance in several of the White Papers that the TAC has issued. The Commission’s Technological Advisory Council (TAC) provides technical advice to the Commission.  It is organized under the authority of the Federal Advisory Committee Act, and is comprised of a diverse array of leading experts that helps the FCC identify important areas of innovation and develop informed technology policies supporting America’s competitiveness and job creation in the global economy.  See https://www.fcc.gov/general/technological-advisory-council.
  In addition, the TAC has made several recommendations for the Commission’s consideration on potential ways to promote the development and deployment of receivers that are more resilient to interference and could enable more efficient use of our nation’s spectrum resources.
20. White Paper on Spectrum Efficiency Metrics.  In 2011, the Commission’s TAC issued a White Paper on “spectrum efficiency metrics,” which it viewed as an important factor in the Commission’s spectrum management decisions.  The TAC  took an “integrated systems approach” in its evaluation of spectrum efficiency metrics, and noted that every component of a radio based communications system involved with either the transmission and/or reception of a signal has to be considered as part of efficiency.  The TAC recognized a close relationship between spectrum efficiency and receiver standards / guidelines or performance.  TAC Sharing Work Group, “Spectrum Efficiency Metrics White Paper,” Group (White Paper on Spectrum Efficiency Metrics), found at https://transition.fcc.gov/bureaus/oet/tac/tacdocs/SpectrumEfficiencyMetricsV1-12-20-11.docx.

21. White Papers on Interference Limits Policy and Harm Claim Thresholds.  In 2013, the TAC issued a White Paper on Interference Limits Policy in which it explored potential policy – an “interference limits policy,” including harm claim thresholds – that it believed could promote more transparent consideration of receivers in spectrum management and promote better receiver performance.  The TAC believed that the Commission could increase service density, reduce regulatory risk, and encourage investment with adoption of rules that make clear in which situations receivers and transmitters each will have the responsibility for mitigating any harmful interference, and doing so up-front rather than after lengthy post-dispute proceedings.  This approach would state explicitly when receivers may claim harmful interference as a necessary complement to existing transmitter regulation that could facilitate more intensive frequency use by providing more clarity about the baseline regulatory and radio interference context going forward. TAC Receivers and Spectrum Working Group, “Interference Limits Policy – The use of harm claim thresholds to improve the interference tolerance of wireless systems,” (Feb. 6, 2013) (White Paper on Interference Limits Policy), found at https://transition.fcc.gov/bureaus/oet/tac/tacdocs/WhitePaperTACInterferenceLimitsv1.0.pdf.    
  In 2014, the TAC followed with issuing its White Paper on Harm Claim Thresholds, which provided additional discussion on an interference limits policy focusing on harm claim threshold approaches. TAC Spectrum / Receiver Performance Working Group, “Interference Limits Policy and Harm Claim Thresholds: An Introduction” (Mar. 5, 2014) (White Paper on Harm Claim Thresholds), found at https://transition.fcc.gov/bureaus/oet/tac/tacdocs/meeting61014/InterferenceResolution-Enforcement-Radio-Noise-White-Paper.pdf.
  
22. White Paper on Risk-informed Interference Assessment.  In 2015, the TAC issued its White Paper on “Risk-informed Interference Assessment.”  The TAC recommended that the Commission adopt risk-informed interference assessment and statistical service rules more widely to help improve its spectrum management decision-making.  As risk-informed interference assessment would consider likelihood/consequence combinations for potential interference hazard scenarios involving transmitters and receivers; this tool could serve to complement a more static “worst case” analysis that considers the single scenario with the most severe consequence regardless of its likelihood. TAC Spectrum and Receiver Performance Working Group, “A Quick Introduction to Risk-Informed Interference Assessment” (Apr. 1, 2015) (White Paper on Risk-informed Interference Assessment), found at    https://transition.fcc.gov/bureaus/oet/tac/tacdocs/meeting4115/Intro-to-RIA-v100.pdf.  The TAC emphasized that its proposed approach is risk-informed and not risk-based.  

23. White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations.  In 2015, the TAC released another White Paper on “Basic Principles” for assessing compatibility of new spectrum allocations.  It believed that a set of basic principles could be helpful for all involved parties to consider and could serve to establish clearer expectations of incumbent services as well as new services entering the spectrum. White Paper on Basic Principles for Assessing Compatibility at 3 (Executive Summary).
  Several of the Basic Principles directly related to expectations regarding both transmitters and receivers.  As contemplated, these principles sought to promote “good neighbor policies” among spectrum users that more effectively enable users to “get along.”  TAC Spectrum and Receiver Performance Working Group, “Basic Principles for Assessing Compatibility of New Spectrum Allocations” (Dec. 15, 2015) (White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations), found at https://transition.fcc.gov/bureaus/oet/tac/tacdocs/meeting121015/Principles-White-Paper-Release-1.1.pdf.

24. Commission workshops.  In 2012, as part of the Commission’s efforts to develop more effective spectrum management approaches that promote greater spectrum efficiency, the Commission’s Office of Engineering and Technology, in conjunction with the Wireless Telecommunications Bureau and the Office of Strategic Planning, hosted a workshop on “Spectrum Efficiency and Receiver Performance.”  In the workshop, the Offices and Bureaus pointed out that receiver performance has historically arisen in the context of conflicts between legacy stakeholders and new entrants, where deployments of new technologies and services threatens to adversely impact an incumbent or place restrictions on the new entrant.  See “Office of Engineering and Technology, Wireless Telecommunications Bureau, and Office of Strategic Planning Announce Workshop on “Spectrum Efficiency and Receiver Performance,” Public Notice, DA 12-378 (rel. March 9, 2012) (2012 Receiver Performance Workshop Public Notice) available at https://apps.fcc.gov/edocs_public/attachmatch/DA-12-378A1.pdf.
  In 2014, the Commission’s Office of Engineering and Technology (OET), in conjunction with the International Bureau (IB), Public Safety and Homeland Security Bureau (PSHSB), and Wireless Telecommunications Bureau (WTB), hosted another workshop, this one on “GPS Protection and Receiver Performance. See “Office of Engineering and Technology, in conjunction with the International Bureau, Public Safety and Homeland Security Bureau, and Wireless Telecommunications Bureau Announce Workshop on GPS Protection and Receiver Performance,” Public Notice, 29 FCC Rcd 5722 (2014).

E. Other Relevant Studies, Analyses, and Memoranda
25. NTIA Report on Receiver Standards.  In 2003, the same year that the Commission issued its NOI on Receiver Performance Specifications, NTIA issued a report on “Receiver Spectrum Standards” as part of its effort to explore promoting more interference-robust receivers.  NTIA suggested several reasons why interference and efficiency problems were becoming more important. NTIA Report 03-404 “Receiver Spectrum Standards” (Nov. 2003) at iv, found at   https://www.ntia.doc.gov/report/2003/receiver-spectrum-standards-phase-1-summary-research-existing-standards.
  These included the dramatic increase in spectrum use, the introduction of new services and systems without standards needed for electromagnetic compatibility, design tradeoffs that favored inexpensive radio equipment rather than good performance, reduction in available guard bands, equipment manufacturers’ lack of knowledge of characteristics of equipment operating in the same or adjacent bands, and increased receiver front-end bandwidth of receivers. Id. at 1.

26. CSMAC Report on Fostering Spectrum Sharing and Improving Spectrum Efficiency.  In 2010, the Commerce Spectrum Management Advisory Committee (CSMAC) issued a report that among other things underscored the importance of receivers as tools in achieving greater spectrum efficiency.  CSMAC recommended developing incentives for promoting better receivers and transmitters, promoting awareness of interference characteristics of receivers and transmitters, improving filter performance, promoting certainty and appropriate consideration of legacy devices, and taking technological advances into account regarding legacy equipment. Commerce Spectrum Management Advisory Committee Interference and Dynamic Spectrum  Access Subcommittee Final Report (Nov. 8, 2010) (CSMAC Report) at 61-66, found at https://www.ntia.doc.gov/files/ntia/publications/csmac_interferencecommitteereport_01102011.pdf.

27. Kwerel and Williams Paper on “Forward Looking Interference Regulation.”  In 2011, Evan Kwerel and John Williams published a paper proposing that the Commission should provide better incentives to build more interference-robust systems in future allocations by moving away from a general interference protection model in spectrum management that often provides incumbent users protection against any interference resulting from subsequent rule changes.  The paper asserted that the adjacent band interference protection for incumbents should not be static and recommended that incumbents be incentivized to “self-protect” their wireless operations (including their receivers) against interference from adjacent bands (e.g., assuming that the adjacent band would be used for flexible use).  The paper also noted certain market failures (e.g., lack of clarity regarding rights, holdout problems, transaction costs) that prevented efficient resolution of interference problems between incumbent users and new licensees through negotiation.  Kwerel, Evan and Williams, John, “Forward-Looking Interference Regulation,” 9 J. on Telecomm. & High Tech. L. 516-18 (2011) (Kwerel and Williams Paper on Forward-Looking Interference Regulation), found at http://jthtl.org/content/articles/V9I2/JTHTLv9i2_DeVries.PDF.  They suggested that one potential way for preserving as much as possible the full use potential of adjacent bands for future use would be to promote “self-protection” by developing interference protection assuming that the adjacent bands would be licensed under a flexible use model.  Id.  We note that at the time that this paper was written, Evan Kwerel was a Senior Economic Advisor at the Commission; he continues to serve in that capacity. 

28. Silicon Flatirons Reports – on Efficient Interference Management and on Receivers.  In 2012 and 2013, the Silicon Flatirons Center issued two reports on spectrum management and receiver performance drawn from its roundtable conferences comprised of government, industry, and policy experts.  The 2012 report on “Efficient Interference Management: Regulation, Receivers, and Right Enforcement” noted that receiver performance dramatically affects the coexistence of adjacent services, and further noted that while transmitters are required to control out-of-band and spurious emissions to minimize interference, receivers are not generally required to minimize interference from such emissions. Silicon Flatirons Summit Report, “Efficient Interference Management: Regulation, Receivers, and Right Enforcement” (Jan. 10, 2012) (Silicon Flatirons Report on Efficient Interference Management), found at https://siliconflatirons.org/publications/efficient-interference-management-regulation-receivers-and-right-enforcement-2/.  The participants in this report included experts from the Commission and NTIA, industry representatives, and policy experts.  See id.  The Silicon Flatirons Center at the University of Colorado Law Center hosts programs involving multi-stakeholder groups comprised of entrepreneurs, policymakers, professionals, and students and focus on addressing various public policy issues.  See  https://siliconflatirons.org/about-us/.
  The report identified several recurring problems that should be addressed (e.g., incumbents not accounting for a changing RF environment, “poor knowledge transfer” among all of the affected parties regarding receiver interference problems that could enable potential resolution), and stated that it would be helpful if regulators could better anticipate the needs at band edges and provide proper notice to affected parties on the need for better receivers and that phase-in of any receiver regulation would be important. Id. at 8-11.
  The second Silicon Flatirons report, “Receivers, Interference, and Regulatory Options,” also identified several problems that have made it difficult to improve receiver performance, including: externalities (since the party who would bear the cost of improving receivers is not the party who benefits); “asymmetric information” (between incumbent users and adjacent band users seeking to mitigate interference but lacking information needed to effectively reduce interference); general lack of information for some of the parties affected; the need to understand costs and benefits (which could help enable creation of an incentive structure to improve receiver performance); and the need for more clarity about the RF environment. Silicon Flatirons Roundtable, “Receivers, Interference, and Regulatory Options” (Feb. 20, 2013) (Silicon Flatirons Report on Receivers), at 5, found at https://siliconflatirons.org/publications/receivers-interference-and-regulatory-options-4/.  The roundtable in this report was comprised of experts from the Commission and NTIA, industry representatives, and policy experts.  See id.
  That report recommended improving transparency among operators and consumers creating more incentives to build more robust receivers (e.g., through issuance of a policy statement). Id. at 5-6.
  Several on the panel also supported use of multi-stakeholder groups to develop appropriate technical solutions.  Finally, the report recommended appropriate notice to stakeholders of any proposed changes and development of a transition plan. Id. at 9.

29. PCAST Report on Spectrum Sharing.  In 2012, the President’s Council of Advisors on Science and Technology (PCAST) issued a report that dedicated significant discussion to the important role of receivers and receiver performance for spectrum management and promoting more efficient use of spectrum.  In particular, given that receiver characteristics can be a significant factor in limiting operations in adjacent spectrum bands, the report underscored the importance of knowing receiver characteristics for spectrum management among operations in adjacent bands. PCAST Report to the President, “Realizing the Full Potential of Government-held Spectrum to Spur Economic Growth” (PCAST Report), at 33, found at https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/pcast_spectrum_report_final_july_20_2012.pdf; see id. at 33-38; 107-21 (“Appendix D: Better Sharing Through Receiver Regulation”).
  PCAST also made several observations and recommendations regarding receivers.  It believed that different types of receivers may require different approaches to receiver management.  PCAST Report at 36; 110 (identifying licensed receivers, decoupled receivers (i.e., devices not controlled by the spectrum licensee that are typically sold to individual users), and unlicensed Part 15 devices, and noting three categories of band occupancy – Federal assignments, non-Federal assignments sharing with Federal users, and non-Federal assignments sharing with other non-Federal assignments).
  It also supported consideration of the harm claims threshold approach for receiver interference limits. Id. at 37.
    
30. GAO Report on Receiver Performance.  In 2013, the Government Accountability Office (GAO) issued its report, observed that while the Commission and NTIA have historically focused on transmitters, receivers also can play an important role in better spectrum management.  GAO identified challenges related to improving receiver performance, including the lack of coordination across industries when developing voluntary standards, the lack of incentives for manufacturers or spectrum users to incur costs associated with using more robust receivers, and the difficulty of accommodating a changing spectrum environment. GAO also identified various options for consideration, including developing voluntary industry standards, creating a “safe harbor” in which compliance with industry standards would be a pre-requisite to claim harmful interference; mandatory standards, interference limits, and gathering additional information on spectrum use and the characteristics of systems (which it thought on the one hand could enable more informed decision-making while on the other raise concerns about disclosure of proprietary or classified information).   GAO Report 13-265, “Spectrum Management – Further Consideration of Options to Improve Receiver Performance” (Feb. 2013) (GAO Report on Receiver Performance), found at https://www.gao.gov/products/gao-13-265, at 34-37.  GAO is an independent, non-partisan agency that works for Congress, among other things assisting Congress with reports and recommendations to help improve performance and accountability of the Federal government.  https://www.gao.gov/about.

31. Presidential Memorandum on Wireless Innovation.  In 2013, President Obama issued a presidential memorandum on “Wireless Innovation,” which included a section on receiver performance that encouraged the Commission, in consultation with NTIA, where appropriate, the industry, and other stakeholders, to develop to the fullest extent of its legal authority a program of performance criteria, ratings, and other measures, including standards, to encourage the design, manufacture, and sale of radio receivers such that emission levels resulting from reasonable use of adjacent spectrum will not endanger the functioning of the receiver or seriously degrade, obstruct, or repeatedly interrupt the operations of the receiver. See “Memorandum on  Expanding America’s Leadership in Wireless Innovation” (June 14, 2013) (Memorandum on Wireless Innovation), Section 4, found at https://www.govinfo.gov/content/pkg/DCPD-201300421/pdf/DCPD-201300421.pdf.  This memorandum was revoked in 2018.  See “Presidential Memorandum on Developing a Sustainable Spectrum Strategy for America’s Future” (Oct. 25, 2018), Section 6(e), found at https://trumpwhitehouse.archives.gov/presidential-actions/presidential-memorandum-developing-sustainable-spectrum-strategy-americas-future/.

32. International developments.  Finally, we note that international regulators and intergovernmental organizations also have discussed the importance of ensuring that receivers are appropriately designed in order to promote more efficient use of spectrum.  For example, the International Telecommunication Union (ITU) “Radio Regulations” include several provisions that concern “technical characteristics of stations” associated with transmitter and receiver equipment and performance with respect to each other and in the context of promoting more efficient and effective use of spectrum, including Radio Regulations (RR) Nos. 3.3, 3.9, 3.11, 3.12, and 3.13. See ITU Radio Regulations (Edition of 2020), Vol. 1, Articles, Radio Regulations (RR) Nos. 3.3, 3.9, 3.11, 3.12, 3.13, found at https://www.itu.int/en/publications/ITU-R/pages/publications.aspx?parent=R-REG-RR-2020&media=electronic.  ITU-R Recommendations also are discussed in a series of radiocommunication service publications that act as guidance and best practices.  See https://www.itu.int/pub/R-REC.
  In 2014 the European Union (EU) issued Radio Equipment Directive 2014/53/EU, which recognized the important role of transmitter and receiver radio equipment in spectrum management. Directive 2014/53/EU of the European Parliament and of the Council (Apr. 16, 2014) (EU Radio Equipment Directive 2014/53/EU), found at https://ec.europa.eu/growth/sectors/electrical-and-electronic-engineering-industries-eei/radio-equipment-directive-red_en.
  Among the Radio Equipment Directive “Essential Requirements” is that radio equipment should be constructed so as to ensure “an adequate level of electromagnetic compatibility” and in a manner that “both effectively uses and supports the efficient use of radio spectrum in order to avoid harmful interference.” EU Radio Equipment Directive 2014/53/EU, Articles 3.1(b), 3.2.  The Essential Requirements of the Directive are general and do not identify specific design criteria but instead specify, inter alia, that receiver parameters are to be included in standards to support more efficient use of the spectrum.  The Directive required the European Telecommunications Standards Institute (ETSI) to create new or update its existing harmonized standards accordingly.  See, e.g.,  ETSI EG 203 336 V1.2.1 (2020-05) ETSI GUIDE Guide for the selection of technical parameters for the production of Harmonised Standards covering article 3.1(b) and article 3.2 of Directive 2014/53/EU, https://www.etsi.org/deliver/etsi_eg/203300_203399/203336/01.02.01_60/eg_203336v010201p.pdf.  In 2018, EU issued its “Guide to the Radio Equipment Directive 2014/53/EU” in which it noted that the EU directive placed obligations on economic operators – including manufacturers, importers, and distributors.  Guide to the Radio Equipment Directive 2014/53/EU (Version of 19 December 2018) (EU Guide to Radio Equipment Directive 2014/53/EU), found at https://ec.europa.eu/docsroom/documents/33162.
  Additionally, the United Kingdom Ofcom’s 2021 spectrum management strategy statement states that it is essential to encourage spectrum users to be more resilient to interference, and that operators should not generally expect Ofcom to take action on interference if it is a result of the poor performance of receivers or wider systems. Ofcom Statement “Supporting the UK’s wireless future Our spectrum management strategy for the 2020s,” July 19, 2021, found at https://www.ofcom.org.uk/__data/assets/pdf_file/0017/222173/spectrum-strategy-statement.pdf.  As part of its initiative to promote spectrum sharing and more efficient spectrum use, Ofcom states that it will encourage wireless users to ensure their equipment is more resilient to interference and encourage an efficient balance between the level of protection given to one service and the flexibility for others to transmit. See id., Sec. 3, 24, paras. 3.66, 3.68; 26, no. 4; and Annex A1., 41, paras. A1.90-A1.91.

III. DISCUSSION
33. We begin by discussing the critical role that receiver performance plays with regard to spectrum management and enabling more efficient use of spectrum.  We then inquire about a wide range of approaches that the Commission might consider to promote more efficient use of spectrum that will enable greater access to our nation’s spectrum resources for new services that will benefit Americans.
A. The Critical Role of Receiver Performance in Spectrum Management
34. We issue this NOI with the goal of considering various approaches that will enable us to reorient our spectrum management lens – from focusing primarily on the transmitter side of wireless networks to focusing on both the transmitter and receiver sides of wireless systems. As noted above, many reports and comments have underscored the need for more direct and transparent consideration of receiver performance in the Commission’s spectrum management considerations.  See, e.g., White Paper on Interference Limits Policy at 3; White Paper on Risk-informed Interference Assessment at  3; White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations at 3; NTIA Report on Receiver Standards at 1; CMSAC Report at 61-66; PCAST Report at 33-38; GAO Report on Receiver Performance at 36-37; Silicon Flatirons Report on Efficient Interference Management at 2-3. 
  Both are vital to the innovative and efficient use of spectrum.  While the Commission has long relied on rules establishing particular transmitter requirements to promote spectrum efficiency and more intensive use, receiver performance also can significantly affect the Commission’s ability to introduce new services in the same or nearby frequencies.   In particular, receivers without sufficient interference immunity performance can diminish opportunities for innovative spectrum uses that drive economic growth, competition, security, and innovation.  They can put constraints on what is possible in the evolving wireless world.
35. Considering additional ways to promote more efficient use of spectrum by focusing on the role of both transmitters and receivers is even more important today than it was when the Commission initiated its earlier NOI on receiver performance in 2003.  Continuous growth of and high demand for spectrum-based services makes this examination of receiver performance critical to more effective Commission spectrum management going forward.  Greenfield spectrum – open and cleared for use – is hard to find in the current spectral environment.  To make spectrum available for new and expanded services, existing spectrum users are packed into a more congested environment, as transmitters and receivers increasingly are situated in closer spectral and geographic proximity.  In this congested environment, it is challenging to meet the demands for spectrum availability by simply relying on  spectrum management tools used in the past.  As the RF environment continues to change, receiver performance necessarily assumes greater importance in enabling more efficient spectrum use and effective spectrum management.
36. In this NOI, we inquire about the role of receivers as part of our broader exploration of policy tools that can harness new technologies and promote expanded and efficient spectrum use.  We seek to develop a record on receiver performance across the RF spectrum, and on how we might consider options that can promote more efficient spectrum use, where and as appropriate, that can best serve the public interest. We invite broad comment on the various approaches and questions posed in this NOI.  We encourage commenters to focus on risk-based assessments and science-driven policy.  As discussed below, we recognize that a variety of approaches may be appropriate, including industry-led voluntary measures, clearer Commission policy and guidance, and, where other approaches may be insufficient, requiring specified levels of performance.  Different approaches may be appropriate depending on the particular circumstances, including the types of services involved, and we invite comment to help guide the Commission’s considerations.  We anticipate that commenters will discuss a range of options for possible industry and government actions, including those described below, as well as how best to implement any new policies in a manner that establishes clearer interference-related rights and responsibilities among spectrum users that can promote more efficient spectrum use while also driving innovation and serving the public interest.
B. Considerations for Promoting Receiver Interference Immunity Performance
37. As set forth below, we inquire about a number of different considerations as we evaluate  approaches for promoting improved receiver interference immunity performance.  We invite comment on each of these approaches while also recognizing that some approaches may be more effective than others for addressing receiver performance concerns in particular situations, and that some mix of approaches may best serve the public interest.  
1. Receiver Performance Parameters
38. Inquiring about receiver performance parameters, or how they, along with transmitter parameters define the RF environment, is essential to understanding what actions, if any, the Commission should consider taking.  In the 2003 NOI on Receiver Performance Specifications, the Commission similarly sought comment on what receiver performance parameters the Commission should consider. See generally NOI on Receiver Performance Specifications, 18 FCC Rcd at 6043-45, paras. 12-17.
  As the NOI on Receiver Performance Specifications recognized, a radio receiver’s immunity to interference is dependent on a number of factors in its technical design and, in addition, the characteristics of the signals it receives; these factors may be closely related and interdependent, and a receiver’s performance in one factor may often affect its performance in others. Id., para. 12.
  The NOI then identified several parameters – including selectivity, sensitivity, dynamic range, automatic RF gain control, shielding, modulation method, and signal processing – and requested comment and information on these or any other factors and how they are related that should be considered. Id., paras. 12-17. 

39. Subsequent efforts identified additional receiver parameters and engaged in further discussion on how such parameters could or should be considered by the Commission as it evaluates steps that it might take to promote receiver performance.  These include, for instance, discussion in TAC White Papers, including the White Paper on Interference Limits Policy, See, e.g., White Paper on Interference Limits Policy.  For instance, the TAC noted that a receiver’s ability to process the desired signal in a frequency channel without being affected by interfering signals present in adjacent and other channels is described as its selectivity, which is largely determined by several factors including receiver channel filter performance, reciprocal mixing, receiver linearity, and spurious responses.  Id. at 48.  It also stated that a receiver’s behavior in the presence of such effects is characterized by a variety of parameters, including adjacent channel rejection (attenuation), adjacent channel selectivity, image frequency rejection, intermodulation rejection, selectivity, sensitivity depression or desensitization, and spurious response.  Id. at 49. 
 the White Paper on Harm Claim Thresholds, White Paper on Harm Claim Thresholds.
 and the White Paper on Risk-informed Interference Assessment, See, e.g., White Paper on Risk-informed Interference Assessment at 3-4, 10, 12-13. 
 as well as the PCAST Report. See generally PCAST Report at 107-21 (Appendix D).  It discussed various factors associated with a receiver’s selectivity (i.e., various factors concerning a receiver’s ability to process the desired signal in a frequency channel without being affected by interfering signals present in adjacent or other channels).  
  CSMAC also emphasized the importance of developing more information on receiver filter performance, including working with the filter technology community on improving filter performance. CSMAC Report at 65-66 (since transmitter OOBE performance and receiver susceptibility to adjacent band signals depends greatly on filter performance, improving dialogue between the Commission, the NTIA, and the filter technology community could be beneficial for all and might help filter developers and spectrum regulators might help expedite introduction of better performance filters).
  
40. Discussion.  In this NOI, we seek information on receiver performance parameters that we should consider, including those identified in the Commission’s earlier NOI or others that commenters consider relevant, as we continue to examine whether the Commission should consider ways to promote receiver performance where appropriate.  In particular, we seek to update and refresh the information presented in any earlier Commission proceeding or studies identified above, as well as any other relevant information (studies, analyses, reports, etc.) or past experience that could be useful as we consider receiver parameters and receiver performance matters.
41. As the Commission previously noted, interference immunity is dependent on several factors in the receiver’s technical design as well as the characteristics of the signal it receives. NOI on Receiver Performance Specifications at 6044, para. 14.
  In considering approaches to advance receiver performance in ways that take receiver performance parameters into greater consideration, what specific parameters (e.g., selectivity, sensitivity, dynamic range, automatic RF gain control, shielding, modulation method, signal processing) should be considered?  We ask that commenters identify the various parameters (including but not limited to those listed here) as well as their typical ranges, that the Commission should consider.
42. We invite comment on whether there are specific receiver performance parameters that are more critical for allowing introduction of new services in the adjacent or neighboring bands without causing unacceptable interference.  Are there any special hardware designs, software methodologies, or new technologies available that would significantly enhance receiver immunity performance?  Are there techniques that can be used to improve these receiver performance parameters?  How are various parameters interrelated?  Are there factors that could or should be considered as a group and not independently due to their cross interactions or relationships with other factors?  For example, to what extent does a receiver’s selectivity and sensitivity affect its dynamic range?  What are the various trade-offs that must be considered when optimizing these parameters when designing a receiver?  Can receiver interference immunity parameters be ranked or rated in accordance with their level of importance to performance?  If the Commission were to take action, what performance levels should be associated with each parameter?  Should requirements differ by service?  If so, how should they differ for various services?  Should performance levels be required to change over time (i.e., require increased interference tolerance on a specified timescale or based on some triggering event)?  Commenters advocating such an approach should provide details as to which parameters should change and over what timeframe or what the triggering events should be.  What procedures or criteria should be used to determine how to trade off the level of receiver performance with the practical issues of cost and implementation?
43. We seek comment on any recent technical advancements in receiver design that we should consider.  What is the state of the art currently and what advances are anticipated?  Are there advancements that have made receivers more resilient or susceptible to interference?  If so, we request comments on changes in design that improved or degraded interference immunity.  What specific receiver parameters were affected?  Are there organizations or industries that are particularly helpful in developing such technical advancements?  What current or planned research projects, either industry or academia based, are focused on receiver improvements?  How can these organizations and projects help inform the Commission as it seeks to identify receiver parameters which, if changed, would lead to the greatest improvement in receiver performance?  Is there any ongoing research related to how receiver design could affect or influence regulatory and policy issues and various approaches that the Commission could consider during rulemaking proceedings?  Would it be appropriate or feasible for industry stakeholders to maintain a library of specifications, best practices, and trends of receiver interference immunity performance levels?
44. We request comment on how receiver performance factors are related to frequency and operating power, and are these factors are influenced by the nature of the RF environment (e.g., how does anticipate in-band and out-of-band power affect receiver performance and influence design choices)?  To what extent, and in what way, are certain factors that affect interference immunity relatively more important than others across different types of receivers used in different radio services or across devices that receive signals transmitted using different methods of modulation?
45. In identifying the various receiver parameters on which the Commission or industry should focus, we note that there must be standard techniques to evaluate receivers to ensure that they meet any voluntary or required regulatory (including mandatory) benchmarks.  We further note that unlike transmitter characteristics, many receiver parameters are inherently difficult to measure.  We seek information on how receiver performance parameters can be measured, validated, and rated.  Is there a subset of receiver performance parameters that can be easily measured and that also provide a reasonable characterization of receiver performance?  Are there any industry standards for these types of measurements, created by standardization bodies such as ANSI, IEEE, 3GPP, or ETSI that could be helpful as we consider various approaches for promoting receiver performance?  
2. The RF Environment 
46. Understanding the RF environment in which radio services operate, both today and as anticipated in the future, provides important context for the Commission’s considerations regarding how best to understand options that could promote better receiver interference immunity performance as part of improved spectrum management.  We seek comment on the RF environment and how it should be factored into consideration.
47. In the 2003 NOI, the Commission noted that “existing receivers are, for the most part, built to provide interference immunity as determined necessary by their designer/manufacturer to provide satisfactory service” which has “resulted a wide range of immunity performance across products used within the same services and across services.” NOI on Receiver Performance Specifications, 18 FCC Rcd at 6054-55, para. 38.
  Accordingly, the Commission sought comment and information on the interference immunity characteristics of receivers used in various radio services and how receivers performed in those services; as part of its inquiry, it requested information about how many units were at that time in service and about the expected service life of the receivers in various services. Id. 
  It also inquired about different receiver specifications that should be considered depending on the environment in which a receiver operates, or whether instead there should be a “generic” environment in which all receivers should be expected to perform adequately. Id. at 6044-45, paras. 15-16.

48. Several studies and recommendations have emphasized the importance of the Commission and spectrum users to have knowledge of the characteristics of both transmitters and receivers in order to promote more efficient spectrum management.  The TAC White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations, for instance, included a principle that radio services would be “expected to disclose the relevant standards, guidelines, and operating characteristics of their systems if they expect protection from harmful interference. White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations at 18-20 (Principle 7).
  Another report identified the need for more clarity about the RF environment, which could help inform operators about the type of systems they need to deploy; it also pointed out that not knowing system characteristics created a problem of “asymmetric information” insofar as the interference protection enjoyed by a receiving system in one band affects the ability of an adjacent service provider to operate, but that service provider usually does not have all the information needed to make choices that will reduce interference).  That report also called for improving transparency for operators, including the sharing of more information on the characteristics of their neighbors’ adjacent operations, establishing a device performance registry, and otherwise incentivizing operators to divulge helpful information. Silicon Flatirons Report on Receivers at 5.

49. The CSMAC and PCAST reports also discussed the importance of having more information on receiver characteristics.  CSMAC believed that new services acquiring or accessing spectrum should be made aware of the interference characteristics of receiving and transmitting equipment operating on frequencies that will be shared or used in adjacent bands. CSMAC Report at 12, 62-64.
  PCAST noted that, given that receiver characteristics can be a significant factor in limiting operations in adjacent spectrum bands, the report underscored the importance of knowing receiver characteristics for spectrum management among operations in adjacent bands. PCAST Report at 33 (Figure 3.2).
  Further, GAO recognized that one option for helping improve spectrum management and decision-making would be for the Commission to gather more information on spectrum use and the characteristics of the systems, including receivers, although GAO thought that this would raise concerns about disclosure of proprietary or classified information). GAO Report on Receiver Performance at 35.

50. Finally, recent Commission proceedings have underscored the importance of having better information on receiver characteristics as the Commission exercises its spectrum management responsibilities.  This information could enable the Commission to provide greater access to spectrum for new services, promote more efficient use of spectrum, and find ways to better understand the nature and extent of potential interference concerns that may arise with respect to the introduction of new services.  It also could enable consideration of pathways to address legacy receivers that may raise particular concerns (e.g., identifying, modifying, repairing, replacing through transitions).
51. We request comment on the current RF environment in which various services operate. What is the impact of that environment on the ability for adjacent and nearby operations? Have interference concerns been addressed effectively or ineffectively with regard to adjacent band services (e.g., use of guard bands, technical rules, etc.), or are there other relevant considerations regarding the current RF environment that can inform our consideration in this proceeding?
52. As the Commission noted in the 2003 NOI, the receiver interference environment and demands placed on receiver performance have often been dependent on the specific type of service provided on neighboring frequency bands.  In that NOI, it sought comment on various operational environments and characteristics of the different types of services at that time (nearly 20 years ago) – including satellite, public safety, mobile, fixed, and broadcast services – as they affected minimum receiver performance needs.  It also noted that the types of operations and services occupying neighboring frequency bands often are a significant factor in the environment in which a receiver operates, and the Commission sought information on receiver performance issues of specific types of service and operations relating to both the in-band and out-of-band environments. NOI on Receiver Performance Specifications, 18 FCC Rcd at 6047-48, para. 23.

53. We again seek comment on the current RF environment with respect to particular services – including various mobile services (terrestrial, aeronautical, satellite, maritime), fixed services (point-to-point microwave, point-to-multipoint, satellite), public safety services, broadcast services (fixed and mobile), and other services such as radionavigation, radiolocation, and sensing services used for scientific applications.  We are particularly interested in obtaining information on whether the RF environment and receiver interference immunity performance may have changed because of technological advancements, evolved spectrum management challenges, or changing spectrum use requirements in seeking to promote more efficient use of spectrum and greater access to spectrum for the introduction of new services.  In asking about particular services, we also invite comment on the extent to which considerations about receiver immunity performance parameters should be grouped based on these different service groupings, or whether instead some other analytical approach should be considered.  Should there be different approaches to the Commission’s consideration of receiver performance based on the particular services associated with the receiver, how the receiver might be integrated into other systems, and/or which services operate in adjacent or nearby bands?
54. In seeking comment below, we note that significant effort over the last few years has been devoted to providing more broadband services to the American public.  In making allocation decisions and crafting service rules to accommodate this evolving landscape, spectrum use has intensified and the Commission has increasingly explored ways to provide for these valuable services by creating adjacencies that, in the past, would never have been contemplated.  As an example, in 3.7 GHz Report and Order, the Commission repurposed fixed satellite downlink spectrum for terrestrial mobile broadband services resulting in separation of relatively high power terrestrial services from sensitive satellite earth stations by only a 20-megahertz guard band. See 3.7 GHz Report and Order, 35 FCC Rcd 2343.
  This decision necessitated a thorough examination of the new RF environment and adoption of appropriate rules to ensure the satellite services could coexist with the new terrestrial operations.
55. In satellite services, receivers must be very sensitive to successfully receive the low level signals emanating from very distant satellites.  As such, these receivers can be adversely affected by communications systems operating in adjacent or nearby bands.  They may also experience interference from low level ambient noise sources that are below the minimum sensitivity level of typical receivers used in other radio services where the desired signal is significantly stronger.  Whether satellite receivers could experience harmful interference effects from systems operating outside of the satellite bands depends on a variety of factors related to the types of operations in neighboring bands (e.g., fixed versus mobile) and the technical operating parameters of those services (e.g., power levels, OOBE limits, etc.), as well as the actual receiver interference immunity performance.  We invite comment on RF environment considerations with respect to satellite bands and adjacent or nearby band operations.  What are the most important parameters to consider for services in adjacent bands to ensure compatibility with satellite services?  We seek how best to characterize the adjacent band RF environment in reasonable performance metrics for satellite receivers.  Is it anticipated that satellite receivers could improve their interference immunity?  Over what time frame?  How should the Commission characterize the RF environment for satellite services and the various trade-offs that are associated with providing full flexibility for services to operate in adjacent or nearby bands often with relatively higher power?  What differences should be accounted for when considering fixed vs mobile and/or geosynchronous versus non-geosynchronous satellite operations?  With today’s demands for spectrum access to support new and innovative technologies, it is becoming increasingly necessary for the Commission to group unlike services adjacent to each other.  To what extent, with today’s technologies, is it necessary for the Commission to group like services adjacent to each other?  As the Commission seeks to make more spectrum available for introduction of new services, including terrestrial services, what concerns and approaches should the Commission consider with respect to promoting improved receiver interference immunity to better accommodate the existing and anticipated future RF environment created by adjacent or nearby band operations?
56. Public safety operations often have stringent operational requirements to assure users such as police, fire and emergency medical service providers whose missions often involve safety of life, that their RF-based systems will function reliably in all circumstances.  Given these requirements, what should the Commission take into account when making allocation or service rule decisions for bands adjacent to and nearby frequency bands used for public safety?  How should these requirements be considered given the receiver immunity characteristics of today’s public safety radios?  How is such receiver immunity anticipated to change in the future and how would that affect the Commission’s flexibility to make spectrum allocation and service rule decisions in adjacent and nearby bands as the RF environment changes?  We invite comment on how public safety services operate in today’s RF environment, including how receivers operate effectively without experiencing harmful interference from adjacent or nearby band services.  Are there special considerations regarding the RF environment in which public safety services operate that the Commission should take into account as it considers approaches to promote receiver performance for these services?
57. We seek similar information as it pertains to various mobile services, fixed services, broadcast services, and other services.  Each service category presents different use cases with different dependencies on the RF environment.  Mobile services include commercial mobile cellular networks that are characterized by a high degree of station and user density as well as movement of end-user devices in the vicinity of sectorized base stations with both fixed and steerable high gain antennas, public land mobile radio systems with comparatively lower density base stations and user devices but higher elevation base station antennas, and myriad other services with distinct configurations and parameters. Fixed services are often characterized by highly directional (e.g., point-to-point microwave) transmit and receive antennas, engineered to meet very high link reliability requirements.  Broadcast services are often characterized by very tall antennas radiating high-powered signals to user terminals, either mobile or in fixed locations over large distances.  Transmitters and receivers that serve location (position), navigation, timing, and space-based sensing services also may have particular RF performance characteristics.  While receivers used in all of these services perform similar functions (e.g., filtering, amplification, frequency conversion, etc.), the varied RF environment and applications for each service affect receiver design.  How does the RF environment from adjacent and nearby bands affect the ability of users in each of these services to operate?  What are the characteristics of current receivers that enable this coexistence and what is anticipated for future improvements?  How does the current RF environment affect these services and how would more intensive spectrum use in the future change this RF environment?  What steps can the Commission take to allocate services or assign users within and amongst these services with less spectral separation?  What can users in these services do to adapt to the changing RF environment?  Are there aspects of any of these services that may necessitate particular approaches to receiver performance, and if so what steps can be taken to ensure that receivers in any such service are sufficiently immune to interference from adjacent and nearby operations as the RF environment continues to change?  Finally, we ask if we should consider international implications for services that may have large international components, such as international flights or cargo shipping?  Are there specific issues the Commission needs to consider regarding receivers that need to operate in a multitude of countries and territories?  Commenters should address any international regulations (e.g., for aviation safety) that should be taken into account.
58. Finally, we invite comment on any other services that commenters believe have particular concerns not addressed above, and on which particular considerations should be given by the Commission with respect to RF environment.
a. Information on transmitters and receivers 
59. We inquire below about what information is currently available regarding existing incumbent wireless systems – with respect to transmitter characteristics, receiver characteristics, and an “integrated systems analysis” approach and receiver interference immunity performance concerns.  In addition, we request comment below on the changing RF environment, including what kinds of changes are anticipated that we might better prepare for, and how we might establish Commission approaches that can effectively help ensure that receiver interference immunity performance concerns are addressed as the Commission takes future actions affecting the current RF environment to enable greater access to spectrum for new services and more efficient spectrum use.
(i) Specific information on transmitter characteristics 
60. We note that, under the Commission’s long-standing approach to providing for the introduction of new services, the Commission and relevant stakeholders generally already have much significant information already available to them about transmitter characteristics based on the Commission’s existing regulatory framework in which transmitters in particular services are required to meet various technical parameters (e.g., power limits, antenna height, OOBE, etc.).  This information is available for the transmitter operations whether authorized pursuant to rules associated with the licenses  or authorized on an unlicensed basis (under Part 15 rules).  These rules often have been the primary means by which the Commission protects adjacent and nearby band operations, including incumbent receiver operations, from harmful interference.
61. As we discuss in this NOI, efficient spectrum management seeks to optimize the ability of different types of services to operate in different allocations under specified rules in a manner that does not cause harmful interference to others’ operations.  As we consider approaches to promoting receiver interference immunity performance, both transmitter and receiver characteristics are important for our consideration.  This information is useful on a range of spectrum management issues, including adjacent band interference concerns, interference limits policies such as harm claim thresholds, quantitative risk-based assessment of interference, legacy devices, and cost-benefits, among others.
62. Discussion.  We invite comment on transmitter characteristics, as well whether more information would be useful as it pertains to this inquiry into receiver immunity performance.
63. We seek comment on the availability of information on transmitter characteristics in various frequency bands and the different services allocated to those bands.  We note, of course, that the Commission’s rules already provide limits for transmitters (e.g., maximum power, OOBE limits, etc.), but we seek information on how typical operating values, both median and maximum levels, might differ from those regulatory limits.  In cases where transmitters may typically operate below the regulatory limits, what factors influence those operating parameters?  We seek this information for conducted and radiated power as well as for OOBE.  How does the choice of antenna affect operational levels?
64. We also inquire about additional transmitter characteristics that might be helpful to the Commission as it considers spectrum management options to improve receiver performance.  How can the Commission implement an integrated systems approach that could promote spectrum policy that balances the burdens on transmitters and receivers and promotes improved receiver interference immunity performance where appropriate?  In this context, we note that transmitters and receivers in different radio services (e.g., fixed, mobile, satellite, broadcast, radio astronomy, etc.) have differing requirements.  Should different metrics be used when evaluating systems in different services?  What factors should the Commission take into account?  In some instances, the Commission has used tools such as requiring PFD or field strength limits at various geographic boundaries or specific locations.  Should the Commission use these techniques more often to provide additional protection to receivers?  Likewise, are there requirements that can be placed on receivers if PFD, field strength limits, or other limits are placed on transmitters that would improve their immunity to harmful interference?  What is the right balance for requiring either or both transmitters and receivers to comply with certain standards?
(ii) Specific information on receiver characteristics
65. We request up-to-date information on what is currently known about receiver characteristics with respect to different services and operations across the radio spectrum bands.  As noted in the TAC White Paper on Interference Limits Policy and TAC White Paper on Risk-informed Interference Assessment, relevant knowledge of both transmitter and receiver characteristics would be crucial for implementation of those approaches. See White Paper on Interference Limits Policy at 5-7; White Paper on Risk-informed Interference Assessment at 3.
  Similarly, the White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations recommended that services under Commission jurisdiction that seek protection from harmful interference should be expected to disclose the relevant standards, guidelines, and operating characteristics of their systems. White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations at 18-20 (principle 7). 
  While we note that several commenting parties supported gathering additional information on receiver characteristics, See, e.g., CTA Comments (ET Docket No. 17-340) at 5, 7; CTIA Reply Comments (ET Docket No. 17-340) at 11.  
 others opposed this based on proprietary and other concerns. See, e.g., EchoStar Hughes Comments (ET Docket No. 17-340) at 3; TIA Comments (ET Docket No. 17-340) at 5; T-Mobile Comments (ET Docket No. 17-340) at 9.

66. In addition, some reports have emphasized the importance of clarity about the RF environment and how the lack of information (often in the form of asymmetric information) available to relevant stakeholders, particularly with regard to receiving systems, can impede the  ability of parties seeking to introduce new services to make appropriate choices to reduce potential interference, and have recommended improving transparency for operators by requiring the sharing of more information on technical characteristics that affect adjacent band operations. See, e.g., Silicon Flatirons Report on Efficient Interference Management at 3; Silicon Flatirons Report on Receivers at 5-6.
  GAO also identified a lack of sharing among different industries when developing receiver specifications, and noted that one option for the Commission would be to gather additional information on the characteristics of the different systems, including receiver characteristics. GAO Report on Receiver Performance at 34-35.
  CSMAC also believed that new entrants accessing spectrum should be made aware of the interference characteristics of receiving and transmitting equipment, and noted that filter performance of both receivers and transmitters were important considerations. CSMAC Report at 64; see also PCAST Report at xii, Recommendation 3.1 (recommending that the Commission and NTIA should establish methodologies for spectrum management that consider both transmitter and receiver characteristics to promote spectrum sharing).
  Both GAO and CSMAC suggested consideration of establishing a repository or clearinghouse of information. GAO Report on Receiver Performance at 34; CSMAC Report at 61.
  Several reports, including GAO’s, also have noted that, were the Commission to consider requiring that more information on receiver characteristics be made available, such a requirement raises concerns about confidential, proprietary, or classified information. See, e.g., GAO Report on Receiver Performance at 30.

67. Discussion.  We invite comment on whether the Commission should consider requiring that more information about receiver characteristics be made available.  Are there certain circumstances in which having additional information available to the Commission and relevant stakeholders would be helpful to introducing new services in adjacent or nearby bands?  Could this information help serve the Commission’s goal of providing for more efficient use of spectrum so that there is greater access to spectrum for new services?  We ask that commenters help the Commission as it considers whether to require additional information on receiver characteristics.  If commenters support the availability of more information, we invite commenters to indicate the types of information on receiver interference immunity performance would be most helpful in serving our goals of promoting more efficient use of spectrum and how best to manage the information.
68. We request that commenters discuss particular contexts in which having more information on receiver characteristics would be helpful, provided of course that any proprietary or classified concerns can be effectively addressed.  As discussed elsewhere in this NOI, having sufficient relevant information regarding both transmitters and receivers is seen as a critical ingredient to promoting more efficient use of spectrum and providing a more effective pathway for addressing issues related to legacy receivers.  With regard to voluntary approaches in which potential adjacent band use is under consideration, information on receiver characteristics could be helpful to all relevant stakeholders in order to address interference concerns.
69. We seek comment on whether there are services or bands in which commenters believe that additional information on receiver characteristics is not necessary, such as bands where necessary incentives are already in place for promoting receiver performance?  On the other hand, what services or bands have insufficient available information on receiver characteristics, especially where the incentives are not sufficient with regard to promoting receiver performance?  We ask that commenter provide their thoughts about what factors the Commission might consider if it were to consider requiring the availability of more information on receiver characteristics.
70. Also, as noted, if the Commission were to consider requiring that more information be provided regarding receiver characteristics, how should the Commission address concerns around proprietary information, or other concerns?  As for propriety concerns, would, for instance, the Commission’s existing procedures for addressing parties’ proprietary concerns in proceedings be an appropriate model?  We invite commenters to assist the Commission as it considers any potential requirements regarding information on receiver characteristics and the need to protect information that should not be publicly disclosed.
(iii) Integrated systems analysis 
71. Understanding whole systems – both transmitters and receivers and their interaction under current rules and requirements can be an important consideration as the Commission seeks comment on the current RF environment.  Two TAC White Papers proposed that the Commission focus more on an “integrated systems” approach as part of its spectrum management activities.  An integrated systems approach takes into account every component of a radio based communication system involved with either the transmission and/or reception of a signal. See White Paper on Spectrum Efficiency Metrics at 3.
  The White Paper on Spectrum Efficiency Metrics discusses the potential role of an “integrated systems” approach in more effectively evaluating spectrum efficiency metrics. See White Paper on Spectrum Efficiency Metrics at 3.
  The White Paper on Risk-informed Interference Assessment recommends that the Commission should seek to include in its assessment of harmful interference a quantitative risk analysis, one which considers the various likelihood/consequence combinations for multiple different potential interference hazard scenarios among transmitters and receivers, which would complement the Commission’s evaluation of other assessments as it determines how best to serve the public interest. See White Paper on Risk-informed Interference Assessment at 12.
  Both of these approaches requires that relevant information on potentially affected radio systems be available – including characteristics of both transmitters and receivers.
72. As we have noted above, several reports have called for more transparency with respect to relevant information on both transmitters and receivers. Silicon Flatirons Report on Receivers at 5-6; GAO Report on Receiver Performance at 34; CSMAC Report at 61-64; White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations at 18-20 (principle 7). 
  Some also have called for developing a repository of information on transmitters and receivers. GAO Report on Receiver Performance at 34; CSMAC Report at 61; White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations at 19-20.

73. Discussion.  We invite comment on whether the Commission should consider developing more of an integrated systems approach to spectrum management.  What kinds of information regarding transmitters and receivers would be relevant and helpful?  Is there some way that more information on transmitters and receivers should be made more transparent and more readily available for the Commission or relevant stakeholders?  To what extent would some form of repository be appropriate and helpful?  If so, how would commenters suggest that any proprietary concerns be addressed.
b. Managing the changing RF environment
74. As we have discussed, the RF environment continues to change in face of the need for greater access to spectrum for new uses.  Given this, it is critical to address considerations affecting potential adjacent and nearby band interference concerns in an appropriate and timely fashion.  It is important that as the Commission anticipates these changes the relevant stakeholders (e.g., incumbents adjacent or nearby to bands that may be reallocated) are notified so that appropriate steps can be taken to address those stakeholders potentially affected. See, e.g., Silicon Flatirons Report on Efficient Interference Management at 10-11; White Paper on Interference Policy Limits at 37-38.
  If improved receiver interference immunity performance would be appropriate, several also have recommended that the Commission provide for an appropriate transition or phase-in approach. See, e.g., GAO Report on Receiver Performance at 26-28; Silicon Flatirons Report on Efficient Interference Management at 10-11; Public Safety Wireless Network Comments (ET Docket No. 03-65) at 6-7; NPSTC Comments (ET Docket No. 17-340) at 5.
  GAO noted the lack of predictability about the changing future spectrum environment made it more difficult to accommodate  repurposed uses of spectrum, and that it could take significant time and effort to upgrade and replace receivers where necessary. GAO Report on Receiver Performance at 26-28.

75. Discussion.  We seek comment on how the Commission can promote smoother and more effective transitions among potentially affected users as the RF environment continues to change to accommodate greater access to spectrum that serve the public interest.  What steps should be taken to provide for greater predictability or transparency for potentially affected stakeholders, including those whose receivers may potentially be affected?  How much advance notice from the Commission might be appropriate to provide to potentially affected stakeholders as the RF environment continues to change?  In what ways should such advance notice be provided?  What steps should the Commission consider to identify and inform potentially affected incumbent operators?  To the extent that commenters believe that any particular past experiences regarding particular steps that either were taken, or could or should have been helpful if taken, we ask that commenters offer their thoughts and recommendations for the Commission’s consideration as it seeks to develop policies and take actions that promote better transitions in the future.
76. Also, considering that the RF environment can be anticipated to continue to change, we seek comment to whether and how the Commission could best clarify expectations for the performance of all radio equipment – both transmitters and receivers – in a changing RF environment.   We also invite comment on the importance of promoting more spectrally efficient devices that are designed to anticipate or assume that potential new uses of spectrum might occur in adjacent or nearby spectrum.
77. We note that we also raise some of these issues in a separate section below on potential Commission policy and guidance.  In that section, we request comment on whether the Commission should consider providing additional policy or guidance specifically as to expectations that would apply to transmitters and receivers in adjacent band operations, including regarding expectations relating to receiver interference immunity performance.
3. Approaches for Promoting Improved Receiver Interference Immunity Performance 
78. As the Commission seeks comment on various approaches to consider as it moves forward, it is important to provide an overall framework for considering how the Commission might incorporate receiver performance considerations into its spectrum management decision-making.  We inquire about whether and how to factor receiver interference immunity performance into spectrum policy in the form of incentives, guidelines, or regulatory requirements.  These could include industry-led voluntary approaches, such as industry-developed guidelines and standards.  They also could include additional Commission guidance, whether in terms of clarifying Commission policy, issuing a policy statement, or considering ways to advance approaches such as an interference limits policy, and/or a harm claim threshold approach where that might be helpful.  We also note that in particular circumstances the Commission might want to consider adopting specific rule requirements if other approaches would not be sufficient.
79. We invite interested parties to provide their up-to-date views, observations, and recommendations on these different types of approaches that we discuss below.  We envision that these approaches could include industry-led voluntary guidelines and efforts, additional Commission policy or guidelines, and specific mandatory requirements, and can be part of the solution in promoting improved receiver performance where that may be appropriate.  We seek general comment here as to how these different approaches can work together to help optimize the promotion of receiver performance and other system design measures that would reduce susceptibility to interference and best serve the public interest.  We invite comments on how Commission might find an appropriate balance or mix of these different approaches.
a. Industry-led voluntary approaches
80. In this section, we request that commenters provide up-to-date information on various industry-led voluntary approaches, including standards and guidelines, that currently promote  receiver performance.  We request comment on where voluntary approaches are effective, where they could be more effective, and what the Commission could consider in order to enhance the effectiveness of voluntary approaches.
81. We note that in the 2003 NOI on Receiver Performance Specifications the Commission expressed a general preference for relying primarily on voluntary approaches and guidelines that are supported and managed by industry, in conjunction with user groups as appropriate, believing this approach is most flexible and responsive to changes in technology, consumer desires, and economic conditions.  We believe that spectrum users such as commercial spectrum licensees often have the requisite incentives to reach voluntary agreements that provide for additional spectrum use.  At the same time, however, it recognized that a purely voluntary approach may produce an incumbency problem if owners of non-conforming receivers limit efficient use of spectrum. NOI on Receiver Performance Specifications, 18 FCC Rcd at 6046, para. 81.
  The Commission inquired specifically about various voluntary approaches at that time, See generally NOI on Receiver Performance Specifications, 18 FCC Rcd at 6045-47, paras. 18-21. 
 and many commenters in that proceeding generally supported a voluntary approach to improving receivers (such as through development of industry standards and guidelines). See, e.g., Nokia Comments (ET Docket No. 03-65) at 6 (voluntary programs supported and managed by industry are the best method for ensuring improved receiver performance, particularly where market forces drive the need to use spectrum efficiently); Consumer Electronics Association Reply Comments (ET Docket No. 03-65) at 11 (mandatory standards would inhibit innovation and delay technological advances being incorporated in consumer products).  
  Since that time, many have continued to assert that voluntary approaches are the most efficient and effective means of promoting receiver performance and promote more efficient use of spectrum.
82. We continue to believe that the development and implementation of various voluntary approaches, taken together throughout the wireless sector, in many situations can provide the best and most effective means of promoting interference immunity in the most efficient and effective way.  We seek detailed comment on the various ways in which voluntary standards and guidelines have, and will continue to, serve our goal of promoting improvements in receiver performance that will enable greater access to spectrum.  To what extent are voluntary approaches sufficient to ensure that minimum receiver interference immunity performance can be achieved in some or all bands?
83. As we consider voluntary standards and guidelines, we also note that several studies and commenters have pointed out challenges that may be associated with the development of voluntary approaches in certain situations, either because the necessary incentives may not be present or the necessary information may not be available. GAO Report on Receiver Performance at 25-26; CSMAC Report at 12, 61, 76; PCAST Report at ix; Silicon Flatirons Report at 13.
  While describing several voluntary efforts have helped improve receiver interference immunity performance, GAO also noted that in many situations there were challenges that affect the development of voluntary standards, The report noted that for some services, industry associations (comprised of manufacturers, commercial licensees, and others) have developed voluntary standards that are used to design and procure receivers (e.g., cell phones,  televisions, aviation) to help improve receiver performance (citing the work of TIA and the Advanced Television Systems Committee (ATSC)).  It also noted that some stakeholders privately negotiate to resolve interference problems, and that some manufacturers and licensees share information and have adopted best practices guides.  GAO Report on Receiver Performance at 12-16.
 including the lack of coordination across industries when developing voluntary standards (e.g., while standards may be developed by a single industry, these standards may not be coordinated with representatives of others that could be affected, such as adjacent band users). GAO Report on Receiver Performance at 24-25.
  GAO also noted that there could be a lack of incentives for manufacturers and spectrum users to incur costs associated with using more robust receivers (noting that there may be few incentives for users in one band to incur costs to improving receivers for operations if the adjacent band users gain the benefits); it concluded that, even though there can be sufficient incentives for addressing receiver performance within the same service, such incentives often do not exist for different services or adjacent band services. Id. at 25-26.

84. Several reports and commenters have suggested that voluntary approaches could benefit from the use of  multistakeholder groups in helping develop appropriate voluntary standards. See, e.g., GAO Report on Receiver Performance at 12-16; Silicon Flatirons Report on Receivers at 9; CTIA Comments (ET Docket No. 17-340) at 13.
  Several also noted, however, that oftentimes not all of the relevant stakeholders (e.g., those potentially affected by the development of voluntary standards, including those with interests associated with adjacent band use), participated in the development of voluntary standards. See, e.g., GAO Report on Receiver Performance at 24-25; CSMAC Report at 59.

85. GAO also noted that a compendium of current industry standards or guidance may not always be available, and could help facilitate knowledge on any standards or guidelines. GAO Report on Receiver Performance at 24.
  Finally, GAO pointed out that, while voluntary standards and guidelines could help promote receiver performance, the extent to which they are in fact used is generally unknown. GAO Report on Receiver Performance at 24.

86. Discussion.   In this Notice, we invite comment from interested parties to provide up-to-date information on the various voluntary approaches, including industry-led approaches, that currently serve to promote better receiver performance and generally more interference-resistant system designs.  We inquire about their views on the role of voluntary standards and guidelines to promote improved receiver performance by providing greater resilience to harmful interference, promote more efficient use of spectrum, and enable innovative new services to be introduced.  We also inquire about the steps the Commission might take to promote development and use of voluntary standards and guidelines.
87. We invite comment on whether voluntary standards and guidelines that have previously existed or currently exist serve as an effective means of promoting receiver performance.  What are these standards and guidelines, and how effective have they been in promoting receiver performance?  Which industries helped to establish them, and which stakeholders were involved in their development?  Are these standards or guidelines publicly available?  We invite broad comment on where these approaches work well and help promote receiver performance in today’s RF environment and could help promote improvements in a changing RF environment.  We ask commenters to comment on the extent to which the necessary incentives are in place to develop effective voluntary approaches.
88. We request comment on whether there could be improvements in the ways that voluntary approaches can be developed and used.  To what extent have such efforts included relevant stakeholders?  If additional stakeholders could help improve such voluntary efforts, how might they be involved in future efforts.
89. We also request comment on situations or cases in which current voluntary approaches  may not be sufficient with respect to promote improved receivers in certain situations and contexts (e.g., addressing adjacent band compatibility issues).  We ask that commenters identify and discuss situations in which voluntary approaches may not promote improvements in receiver performance where that would help promote more efficient use of spectrum.  Are there ways to ensure that there are appropriate incentives for promoting effective voluntary approaches?
90. We invite comment as to the appropriate role for multi-stakeholder groups in this process.  Are there particular situations in which commenters believe a multi-stakeholder group involvement would be appropriate?  If so, which stakeholders should be involved, and how?
91. As discussed elsewhere in this NOI, the Commission is seeking comment about both transmitter and receiver characteristics as it considers approaches to improving receiver performance.  We seek comment on whether more transparent or available information on transmitters and receivers could help promote more effective voluntary approaches.
92. Finally, we request comment on whether and how the Commission could help promote effective voluntary approaches.
b. Commission Policy and Guidance
93. In this section, we inquire about the kinds of Commission policy and guidance that could be helpful as the Commission considers whether and how to incorporate receiver performance  more directly into spectrum management decisions.  We recognize that such policy and guidance could take many forms, and some mix of approaches may be appropriate; we invite commenters to help the Commission as it considers these various approaches.
94. Many contend that the Commission’s general spectrum management policy on the role of receiver interference immunity performance should be clarified.  Some have suggested that the Commission’s approach to date on receiver performance is not been sufficiently conducive to promoting more efficient spectrum use or promoting greater access to the spectrum resources for new services and uses.  For instance, in the White Paper on Interference Limits Policy the TAC Working Group suggested that expectations of receiver performance have almost always been implicit and often based solely on the ability of the receiver to perform its desired function in the existing spectral environment, which has led to conflicts due to a change in the RF environment and/or a differing understanding of requisite receiver performance. White Paper on Interference Limits Policy at 8.
  Authors in one paper recommended that, in order to provide better incentives to build more interference-robust systems in future allocations and put more spectrum to its highest and best use, the Commission should move away from any general interference protection model in spectrum management that, when considering permitting new services in adjacent bands, often provides incumbent users (those licensed first) protection against any interference resulting from subsequent rule changes.  They stated that adjacent band interference protection for incumbents should not be static, and that incumbents should be incentivized to improve their systems’ interference resilience in the most cost-effective way, including the use of receivers that are more interference-immune to interference exposure from adjacent bands. Kwerel and Williams Paper on Forward-Looking Interference Regulation, 9 J. on Telecomm. & High Tech. L. at 516-18. 
  
95. One report observed that certain assumptions that many spectrum users make are not conducive to promoting more efficient use of spectrum – including that operators of wireless systems tend to rely on their neighbors being quiet, often do not account for changes in the RF environment, and often do not realize that receivers are a part of the problem (and instead assume that the neighboring transmitters are the problem).  That report also concluded that there is “poor knowledge transfer” among all affected parties regarding the interference problems related to receiver performance and potential resolution, Silicon Flatirons Report on Efficient Interference Management at 8-9.
 and suggested that regulators could provide more helpful notice to operators regarding the need for better receivers. Id. at 10.
  Another report recommended improved transparency for operators (e.g., sharing more information on the characteristics of their neighbors’ adjacent operations, establishing a device performance registry, incentivizing operators to divulge the required information); they also stated that more incentives should be provided for promoting more robust receivers, possibly including issuance of a Commission Policy Statement (e.g., to the effect that receivers would no longer be protected if they do not include appropriate receiver selectivity). Silicon Flatirons Report on Receivers at 5-6.

96. GAO also noted in its report that current practices and policies related to receiver performance may in effect constrain repurposing of spectrum, and that the lack of predictability about future spectrum management also could be a hindrance to a more effective spectrum policy. GAO Report on Receiver Performance at 27.
  CSMAC stated that spectrum managers should consider incentives, rules, and policies to improve the capability of receiving devices to reject adjacent channel interference. See CSMAC Report at 61-66.
  We also note that the Presidential Memorandum on Wireless Innovation encouraged the development of measures concerning receivers that would promote design and deployment of receivers that are protected from harmful interference from adjacent band operations in cases where there is “reasonable use” of adjacent band spectrum. The memorandum stated:  “The FCC is strongly encouraged, in consultation with NTIA, where appropriate, the industry, and other stakeholders, to develop to the fullest extent of its legal authority a program of performance criteria, ratings, and other measures, including standards, to encourage the design, manufacture, and sale of radio receivers such that emission levels resulting from reasonable use of adjacent spectrum will not endanger the functioning of the receiver or seriously degrade, obstruct, or repeatedly interrupt the operations of the receiver.”  Presidential Memorandum on Wireless Innovation, Section 4.
Several have emphasized that as the Commission considers developing new policies or guidance, it also consider whether some transition or phase-in period would be appropriate. See, e.g., Silicon Flatirons Report on Receivers at 7; Boeing Reply Comments (ET Docket No. 17-340) at 5; Greenwood Telecommunications Consultants Comments (ET Docket No. 17-340) at 4.

97. Below we consider several possible approaches and invite comment.  These include (1) providing clearer Commission policy guidance on the role of receivers and expectations about their performance; (2) gathering relevant information on receiver characteristics; (3) issuing a policy statement; and (4) promoting an interference limit policy such as harm claim threshold approaches where that might be appropriate.  We also inquire about whether, were the Commission to consider any of these approaches, a transition or phase-in of some kind might be appropriate.
(i) General policy guidance
98. We first seek comment on whether the Commission should consider establishing clearer guidance on Commission policies relating to receivers and receiver performance in spectrum management going forward.  We inquire whether such policy guidance could serve to establish clearer expectations for all spectrum users as to receiver performance, including in the future as the Commission seeks to enable greater access to spectrum for new users and promote more efficient use of spectrum by receivers.  We also inquire whether and how a clearer policy could help incentivize a more forward-looking approach to the role of improved receiver performance in a changing RF environment.
99. We offer possible approaches below and seek comment.  We also invite commenters to identify other approaches regarding Commission policy that we should consider.
100. Establishing clearer expectations about the extent to which incumbent receivers will receive interference protection as new services are introduced.  As noted above, some have suggested that in order to promote greater access to spectrum and promote more efficient use of spectrum, the Commission should establish clearer policies on the extent to which incumbent receivers will be protected in the future regardless of spectrum efficiency concerns. See, e.g., Kwerel and Williams Paper on Forward-Looking Interference Regulation, 9 J. on Telecomm. & High Tech. L.at 516-18.
  In particular, some state that the Commission should be more transparent that incumbent receiver operators should not simply assume that the introduction of transmitters in adjacent or nearby bands is the entire focus for addressing interference compatibility issues or that receiver performance will not be considered in the Commission’s spectrum management decisions. See, e.g., Silicon Flatirons Report on Efficient Interference Management at 8-9.
  We invite comment on whether the Commission should establish a clearer or explicit policy regarding the extent to which incumbent receivers will receive interference protection as the RF environment continues to change and new services are introduced into adjacent or nearby bands.  We also request that, to the extent commenters believe such policy clarification would be beneficial, they suggest the types of clarifications that the Commission should consider.  To what extent would such a policy-based expectation require clarification of incumbent users spectrum rights and responsibilities?
101. We also invite comment on how such a policy clarification might be implemented with regard to incumbent users.  When might such a policy make sense?  How might such a policy be implemented with respect to adjacent band operations, including when both services have primary allocations?  As to implementation of such an approach, what kinds of factors and  timeframes should be considered?  For instance, should the amount of time an adjacent band incumbent has been operating be a factor in considering what action the Commission should take?  Should the expected life (e.g., average useful life) of receivers in the affected band be considered to reduce the potential for stranded investments?
102. Clarifying the importance of assigned frequency bands and allocations with respect to receiver performance.  Several have suggested or recommended that one component of better spectrum management would include Commission clarification of the respective responsibilities associated with both transmitters and receivers in spectrum allocations and assignments, and that this could include being more explicit regarding whether  receiver interference immunity performance should be tied to the allocation or assignment under which the receivers are authorized.  In the 2003 NOI on Receiver Performance Specifications, for instance, the Commission specifically inquired about how receiver performance should be related to the management of spectrum and uses in adjacent bands, including whether the definition of assigned frequency bands and areas already provided “substantial definition to the interference environment in which licensees must design their systems.” NOI on Receiver Performance Specifications, 18 FCC Rcd at 6047, para. 21.

103. We also note that the TAC’s White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations proposed that the Commission consider establishing “Basic Principles” regarding both transmitters and receivers with respect to spectrum allocations, and specifically proposed as one principle that “[r]eceivers are responsible for mitigating interference outside their assigned channels” (while it also proposed that “[t]ransmitters are responsible for minimizing the amount of their transmitted energy that appears outside their assigned frequencies and licensed areas”). White Paper on Basic Principles for Assessing Compatibility of New Allocations at 13-14, 17-18 (Principles 4 and 6, respectively). 
  Further, we note that ITU Radio Regulations, for instance, recognize the importance of expectations regarding receiver performance, and provide that receivers should provide adequate performance such that they do not suffer from interference from transmitters operating at a reasonable distance. ITU RR No. 3.13; see also id,. at RR Nos. 3.3., 3.9, 3.11, 3.12.
  Also, as we have discussed above, recent Commission proceedings have highlighted the relationship of receiver performance vis-à-vis assigned frequency bands and allocations, as well as expectations on receiver performance regarding interference from adjacent or nearby operators.
104. Accordingly, we inquire whether the Commission’s spectrum management policy should clarify that, as a general matter of the spectrum regulatory policy, receiver manufacturers and operators are expected to take into account their allocation and assignment, or take into consideration designing and using receivers that include interference immunity parameters that would ensure coexistence with transmitters operating with reasonable spectral separation from the band in which the receivers are authorized to operate.  To the extent that commenters believe that policy guidance is appropriate, we ask that they propose specifics about the guidance they think appropriate, explain why, and, depending upon the guidance they suggest, indicate the extent to which a transition period may be appropriate.
105. Development of performance criteria or ratings.  We also invite comment on whether the Commission should consider developing particular receiver performance criteria, or some form of ratings, that would serve to encourage the design, manufacturer, and deployment of receivers that promote receiver interference immunity and adequately protect the receivers from interference from current and future uses of adjacent band spectrum.  If the Commission were to consider developing performance criteria or ratings, how would these be developed?  With regard to performance criteria, what specific metric(s) should the Commission consider?  For instance, should the criteria be tied to a certain level of performance at the edge of the allocation?  We ask that commenters suggest specific criteria and explain their rationale for such criteria.  Similarly, we invite comment on whether some form of ratings should be considered.  If so, what would comprise the ratings, how many levels of ratings would be appropriate, and how would the ratings be determined?  Can ratings effectively be designed that would aide operators and consumers in using more interference immune receivers?  Could particular receiver performance criteria or  ratings  be developed that could be incorporated into voluntary standards or Commission requirements?  How might performance criteria or ratings best be implemented?
106. Informing relevant stakeholders of any Commission forthcoming policy guidance.  If the Commission were to provide additional policy guidance, we recognize that it would be important that potentially affected stakeholders are apprised of the guidance.  We ask for comment on how the means by which the Commission and others could most effectively identify and communicate such policy guidance.
107. Transitions.  If the Commission were to consider providing additional policy guidance, we invite comment on the considerations that would be associated with policy implementation.  Depending on the policy guidance, are there particular transition concerns that the Commission should take as to receivers that may need to be repaired, modified, or replaced?  Would such considerations depend on the particulars involved as to specific situations and bands?  We ask that commenters help the Commission take into account the various factors that should be considered.
108. Other policy guidance.  We invite commenters to offer other ideas or measures for Commission consideration regarding further guidance.  Commenters should explain their suggestions and provide detailed discussion of why such policy guidance would be appropriate and how the Commission might consider implementing such guidance.
(ii) Policy statement
109. In this section we invite comment on whether the Commission should consider issuing a policy statement to establish a clear and transparent Commission policy that can help bring receiver interference immunity performance into fuller consideration in spectrum management decisions, as some have suggested.  We first inquire generally whether a policy statement would be constructive.  We then inquire about possible models for a policy statement.
110. Issuing a policy statement.  Through the years, the Commission has issued various policy statements to guide public considerations and to advance spectrum management pursuits.  For instance, in 1999 the Commission issued a Policy Statement on “Principles for Reallocation of Spectrum to Encourage Development of Telecommunications Technologies for the New Millennium,” in which the Commission noted the unparalleled growth of wireless services in the 1990s and “set forth guiding principles for the Commission’s spectrum management activities” – including ways to promote greater efficiency in spectrum markets, make more spectrum available, and identify new bands for spectrum reallocation – as the Commission engaged in spectrum management in 2000 and beyond. Principles for Reallocation of Spectrum to Encourage Development of Telecommunications Technologies for the New Millennium, Policy Statement, 14 FCC Rcd 19868 (1999) (Policy Statement on Principles for Reallocation of Spectrum).
  In 2000, the Commission issued its Policy Statement on “Principles for Promoting the Efficient Use of Spectrum by Encouraging the Development of Secondary Markets,” in which it set forth the Commission’s vision and plans for facilitating secondary markets for radio spectrum that will allow and encourage licensees to make all or portions of their assigned frequencies or service areas available to other entities and uses. Principles for Promoting the Efficient Use of Spectrum by Encouraging the Development of Secondary Markets, Policy Statement, 15 FCC Rcd 24178 (2000) (outlining in general terms a series of initiatives that the Commission intends to undertake to promote secondary markets for spectrum usage rights, including facilitating spectrum leasing, joint operating agreements, and improving the conditions for transferability of spectrum usage rights through partitioning or disaggregation; the Commission noted that it sought to significantly expand and enhance the existing secondary markets for spectrum usage rights to permit spectrum to flow more freely among users and uses in response to economic demand, to the extent consistent with our other statutory mandates and public interest objectives).
  Both Policy Statements helped lay the foundation for the Commission’s forthcoming rulemakings implementing some of the enunciated policies in the early 2000s. See, e.g., Amendments to Parts 1, 2, 27, and 90 of the Commission’s Rules to License Services in the 216-220 MHz, 1390-1395 MHz, 1427-1429 MHz, 1429-1432 MHz, 1432-1435 MHz, 1670-1675 MHz, and 2385-2390 MHz Government Transfer Band, WT Docket No. 02-8, Memorandum Opinion and Order, 18 FCC Rcd 16920, 16921-22, para. 3 (2003) (citing Policy Statement on Principles for Reallocation of Spectrum); Promoting Efficient Use of Spectrum Through Elimination of Barriers to the Development of Secondary Markets, WT Docket No. 00-230, Notice of Proposed Rulemaking, 15 FCC Rcd 24203 (2000); Promoting Efficient Use of Spectrum Through Elimination of Barriers to the Development of Secondary Markets, WT Docket No. 00-230, First Report and Order and Further Notice of Proposed Rulemaking, 19 FCC Rcd 14165 (2003) (establishing new Commission rules permitting certain types of secondary market transactions); Promoting Efficient Use of Spectrum Through Elimination of Barriers to the Development of Secondary Markets, WT Docket No. 00-230, Second Report and Order, Order on Reconsideration, and Further Notice of Proposed Rulemaking, 19 FCC Rcd 17503 (2004).  

111. In recommending that the Commission create more incentives for building more robust receivers, Silicon Flatirons suggested that issuance of a policy statement could be useful. Silicon Flatirons Report on Receivers at 6 (specifically proposing a policy statement to the effect that receivers would no longer be protected if they do not include appropriate receiver selectivity).
  Also as discussed above, many commenters and reports have called for greater Commission clarity on how receiver performance considerations should be factored into the Commission’s spectrum management in ways that would provide clearer expectations and greater predictability for  all spectrum users in the future. See, e.g., GAO Report on Receiver Performance at 27; Enterprise Wireless Alliance Comments (ET Docket No. 17-340) at 5-6;  Wireless Broadband Alliance Comments (ET Docket No. 17-340) at 7-8; T-Mobile Comments (ET Docket No. 17-340) at 1-2, 5; cf. Kwerel and William Paper on “Forward Looking Interference Regulation, 9 J. on Telecomm. & High Tech. L. at 516-17.
  
112. We seek comment on whether the Commission should consider issuing a policy statement to more directly and transparently incorporate relevant and appropriate focus on receivers as part of a balanced approach – i.e., considering the important role of both transmitters and receivers – to promoting more efficient spectrum use in the Commission’s spectrum management decision-making.  Would adoption of a policy statement be helpful in promoting the Commission’s efforts to incorporate receiver interference immunity performance considerations and promote more efficient spectrum use in the current and evolving RF environment?  What purposes could be served by issuance of a policy statement?  Would a policy statement, for instance, help establish clearer expectations and greater predictability for spectrum users going forward?  
113. If the Commission were to consider issuing a policy statement, what specific framework, features, factors, or statements should be included?  We ask that commenters in favor of the issuance of a policy statement set forth their recommendations, including discussion of the various goals of the policy statement, any suggested language, and the reasons for such language.  
114. Possible models for a policy statement.  We invite comment on possible models for crafting a policy statement.  Commenters should identify any such models, and any specific framework or language in those models that they believe should be considered.  
115. In particular, we inquire whether the TAC’s White Paper on Basic Principles for Assessing Compatibility of New Spectrum Allocations White Paper on Basic Principles for Assessing Compatibility for New Spectrum Allocations.
 or some modification or variant of that framework, could supply a possible and constructive framework for consideration in developing a future Commission policy statement.  As the TAC explained: 
Basic principles of spectrum utilization are important for all involved parties to consider, not just the regulatory authorities.  Realization of certain facts of communications technology will temper the expectations of the incumbent services using spectrum resources as well as the new services that are trying to gain entry into the spectrum. Id. at 3.
 
As contemplated, with the nine “basic principles” the TAC sought to promote “good neighbor policies” among spectrum users (generally found at spectral boundaries) that better enable adjacent and nearby spectrum users to “get along” with each other. Id. at 3.  
  Several of these principles directly related to expectations about both transmitters and receivers.  Given the many differences between the requirements of various types of systems, the TAC did not expect the application of these principles to result in a concrete set of regulations that fit all radio services in the same way, but nonetheless believed that the principles can be applied to all systems and result in an optimal solution for each service. Id. at 4.
  As discussed in the Basic Principles below, several of the principles focused on establishing expectations and responsibilities concerning receiver performance within the larger context of spectrum management, including establishing that harmful interference is affected by the characteristics of both a transmitting service and a nearby receiving service, that receivers are responsible for mitigating interference outside their assigned channels, and that services under the FCC’s jurisdiction are expected to disclose the relevant standards, guidelines and characteristics of their systems if they expect protection from harmful interference.  
116. The Basic Principles identified by the TAC Working Group included three functional groups – “Interference Realities” (realities of interference everyone must accept), “Responsibilities of Services” (responsibilities that services have to mitigate their interaction with other services), and “Regulatory Requirements and Actions” (requirements for, and actions that should be taken by, regulatory authorities with respect to spectrum allocations):
Interference Realities –
· Principle 1:  Harmful interference is affected by the characteristics of both a transmitting service and a nearby receiving service in frequency, space or time.
· Principle 2:  All services should plan for non‐harmful interference from signals that are nearby in frequency, space or time, both now and for any changes that occur in the future.
· Principle 3:  Even under ideal conditions, the electromagnetic environment is unpredictable.  Operators should expect and plan for occasional service degradation or interruption.  The Commission should not base its rules on exceptional events.
Responsibilities of Services.   
· Principle 4:  Receivers are responsible for mitigating interference outside their assigned channels; 
· Principle 5:  Systems are expected to use techniques at all layers of the stack to mitigate degradation from interference; and 
· Principle 6:  Transmitters are responsible for minimizing the amount of their transmitted energy that appears outside their assigned frequencies and licensed areas.
Regulatory Requirements and Actions.  
· Principle 7:  Services under FCC jurisdiction are expected to disclose the relevant standards, guidelines and operating characteristics of their systems to the Commission if they expect protection from harmful interference;
· Principle 8:  The Commission may apply Interference Limits to quantify rights of protection from harmful interference.
· Principle 9:  A quantitative analysis of interactions between services shall be required before the Commission can make decisions regarding levels of protection. See generally id. 

We note that several commenters expressed interest in having the Commission explore these principles insofar as they pertained to expectations and responsibilities associated with receivers and receiver interference immunity performance, See, e.g., CTIA Comments (ET Docket No. 17-340) at 1-2 (generally supporting examination of principles, but noting that the principles should be considered case-by-case); CTA Comments (ET Docket No. 17-340) at 2 (TAC’s Basic Principles are a useful starting point)..
 while others expressed particular concern about particular principles and their application to certain types of receivers. See, e.g., ASRI Comments (ET Docket No. 17-340) at 3 (safety-of-life); NPSTC Comments (ET Docket No. 17-340) at 9 (safety-of-life); NSMA Comments (ET Docket No. 17-340) at 8 (public safety and critical infrastructure); GPSIA Comments at 1-6 (radionavigation receivers)..
  We invite comment on the principles in the White Paper as they concern a Commission policy statement.  Commenters should discuss their views and concerns on particular principles, and whether revisions or clarifications on any of the principles or on their applicability should be considered.
117. We also ask whether there are other models that the Commission could draw from as it considers a policy statement.  For instance, would ITU Radio Regulations (RR) or relevant ITU-R publications (e.g., ITU-R recommendations) that pertain to receiver performance (along with transmitter performance) provide a useful framework or particular language for consideration?  As discussed above, several provisions in the Radio Regulations concern “technical characteristics of stations” associated with both the transmitter and receiver equipment and performance with respect to each other and in promoting more efficient and effective use of spectrum.  As regards receivers in particular, the ITU provided regulations on several aspects on the role of receiver design and performance that would that serve to promote more efficient use of spectrum – including receiver design (RR No. 3.3 – taking into account technical measures to reduce susceptibility to interference), bandwidth considerations (RR No. 3.9 – keeping bandwidths at lowest values that the service permits), spectrum efficiency (RR No. 3.11 – receivers should promote efficient use of spectrum), technical characteristics (RR No. 3.12 – receiver selectivity that ensures efficient utilization of spectrum), and performance characteristics (RR No. 3.13 – sufficient levels of receiver interference immunity performance so that receivers do not suffer from interference from transmitters operating at “a reasonable distance”). See  ITU RR Nos. 3.3, 3.9, 3.11, 3.12, and 3.13.  In addition, we note that there are a series of relevant published ITU-R recommendations consistent with the Radio Regulations that address radiocommunication transmitter and receiver technical and operational characteristics.  
  Would any of these ITU references provide helpful guidance for consideration to be included in a Commission policy statement?  Similarly, would the European Union Radio Equipment Directive provide useful guidance?  That Directive also recognized the important role of both transmitter and receiver equipment in spectrum management. EU Radio Equipment Directive 2014/53/EU at L 153/63, No. 10  (to ensure that a receiver uses the radio spectrum effectively and supports the efficient use of radio spectrum, that equipment should be constructed so that “it has a level of performance that allows it to operate as intended and protects it against the risk of harmful interference, in particular from shared or adjacent channels, and, in so doing, supports improvements in the efficient use of shared or adjacent channels”).
  The Directive further indicated that “Essential Requirements” includes a requirement that radio equipment (both transmitters and receivers) should be constructed so as to ensure “an adequate level of electromagnetic compatibility” and in a manner that “both effectively uses and supports the efficient use of radio spectrum in order to avoid harmful interference. Id., Article 3 (“Essential Requirements”), 1(b) & 2.
  
118. Finally, we invite comment on any other models or other sources (e.g., proposals, reports, studies, etc.) that could provide useful discussion for Commission consideration about a policy statement and specific features or language that should be included. 
(iii) Interference limits policy, including harm claim thresholds 
119. In the White Paper on Interference Limits Policy issued in 2013, the TAC discussed an interference limits policy as well as one particular form of such a policy, harm claim thresholds. White Paper on Interference Limits Policy.
  In 2014, the TAC followed up this discussion with its White Paper on Harm Claim Thresholds. White Paper on Harm Claim Thresholds.  “Interference limits policies” are defined in these papers as “ways to describe the environment in which a receiver must operate without necessarily specifying receiver performance”; “harm claim thresholds” are defined as “[i]n-band & out-of-band interfering signals that must be exceeded before a system can claim that it is experiencing harmful interference.”  White Paper on Harm Claim Thresholds at 2.
  The TAC Working Groups authoring these two White Papers believed that an interference limits policy would promote more transparent consideration of receivers in spectrum management and promote better receiver performance policy in a more flexible manner if the Commission adopted receiver performance mandates.  As discussed below, many commenters were in favor of the Commission further exploring interference limits policy, and harm claim thresholds in particular.  
120. We summarize at a high level these approaches below – but we direct commenters to review and address the details set forth in the two White Papers themselves. We again provide links to those White Papers here.  See White Paper on Interference Limits Policy (found at https://transition.fcc.gov/bureaus/oet/tac/tacdocs/WhitePaperTACInterferenceLimitsv1.0.pdf); White Paper on Harm Claim Thresholds (found at https://transition.fcc.gov/bureaus/oet/tac/tacdocs/meeting61014/InterferenceResolution-Enforcement-Radio-Noise-White-Paper.pdf).
  We invite comment on whether and how an interference limits policy, and a harm claim thresholds approach in particular, should be considered by the Commission.
121. In these papers, the TAC working groups noted that, in order to meet the growing demand for wireless service, the number of wireless systems that operate in close proximity in frequency, space, and time need to increase, and that while there are many benefits derived from packing wireless systems among these dimensions (i.e., higher system density), there is also an increased risk of service disruption due to inter-service interference. White Paper on Interference Limits Policy at 3; White Paper on Harm Claim Thresholds at 2.
  The TAC stated that implementing an interference limit policy would bring receivers into the spectrum management picture, and do so with minimal regulatory intervention.  As explained in the White Paper on Interference Limits Policy:  
Increased density requires more care in optimizing the whole wireless system structure, particularly regarding the interactions between transmitters and receivers on either side of band boundaries. …  [R]eceivers that cannot reject interfering signals transmitted outside their assigned frequencies can preclude or constrain new allocations in adjacent bands.  A holistic system view that facilitates trade-offs between receiver and transmitter performance requirements is needed.
Receivers can be brought into the policy picture with minimal regulatory intervention by introducing an “interference limits” policy; that is, the establishment of ceilings, called harm claim thresholds, on in-band and out-of-band interfering signals that must be exceeded before a radio system can claim that it is experiencing harmful interference.  Manufacturers and operators are left to determine whether and how to build receivers that can tolerate such interference, or even determine that they will choose to ignore these limits.  Harm claim thresholds thus allow the FCC to provide guidance on the optimization of receiver performance without unduly restricting technical and commercial choice. White Paper on Interference Limits Policy at 3.
  
122. The TAC contemplated rules that explicitly state when receivers may and may not claim harmful interference.  Such rules would be a necessary complement to existing transmitter regulation that could facilitate the transition to more intensive frequency use by providing more clarity to service providers about the baseline regulatory and radio interference context going forward. White Paper on Interference Limits Policy at 7.
  The TAC stated that harm claim thresholds could be particularly useful in bands with many diverse and frequently emerging new technologies.  As envisioned, the approach would delegate decisions about system design, including receiver performance, to manufacturers and operators, giving operators the flexibility to decide best how to deal with the RF environment (i.e., signal levels in adjacent or nearby bands which may be viewed as interference) they need to tolerate, whether by improving receiver selectivity, deploying more base stations, using internal guard bands, or accepting occasional service degradation given their choice of receiver design.  Further, under such an approach, the private sector would play a key role in developing receiver specifications and standards that ensure adequate performance given the harm claim thresholds of a particular allocation.  The TAC also recognized, however, that a harm claim threshold approach may require special consideration in cases where receivers are not controlled by a license holder or for life-safety systems like aviation and public safety. White Paper on Interference Limits Policy at 3-4.

123. As the White Paper on Harm Claim Thresholds explained, the goal of a harm claim threshold is to reduce the uncertainty among radio system operators regarding the level of interference that one operator is entitled to impose on another operator, and that a related goal has been to find ways the Commission could encourage more efficient radio service coexistence, including ways to encourage receiver performance improvement without mandating receiver performance specifications. White Paper on Harm Claim Thresholds at 3.
  As articulated in the White Paper on Interference Limits, a guiding principle of this approach is that the number of interference disputes that require Commission resolution could be reduced if the responsibility to mitigate interference is more clearly assigned (i.e., if lines are more clearly drawn between the rights of transmitters and receivers).
124. The TAC recommended that the Commission develop, where necessary, the expertise and that multi-stakeholder groups form to investigate interference limits policy at suitable high-value inter-service boundaries White Paper on Interference Limits Policy at 2, 37 (a multi-stakeholder group could work to develop the appropriate parameters, methods to determine parameter values, and detailed enforcement mechanisms that would be appropriate to the particular stakeholder interests in each case); see also White Paper on Harm Claim Thresholds at 6-7.
 and suggested potential ways about implementing an interference limits policy. White Paper on Interference Limits Policy at 24-25.  
  The TAC suggested introducing a harm claim thresholds approach on a gradual basis White Paper on Interference Limits Policy at 37.
 and suggested a three-step process for how the Commission might roll out rules and regulations on an interference limits policy, including harm claim thresholds. White Paper on Interference Limits Policy at 4; White Paper on Harm Claim Thresholds at 7.
  First, the Commission could identify frequency allocation boundaries where harm claim thresholds would bring immediate value, such as adjacent allocations where intensified use is anticipated.  Second, the Commission would initiate a consultation process involving stakeholders in multiple services that span band boundaries.  Such multi-stakeholder groups could work collectively to develop options at these spectrum boundaries (e.g., methods for determining harm claim thresholds, enforcement and conflict adjudication mechanisms) as well as develop guidelines (and perhaps standards) for receiver performance parameters such as receiver sensitivity, selectivity, intermodulation rejection, and dynamic range, that, together with the transmitter power, signal modulation and deployment assumptions applicable to a particular service, would ensure that conformant receivers would operate satisfactorily within an RF environment where signal levels are no greater than the harm claim threshold.  Third the Commission  would monitor the progress of the multi-stakeholder process, representing the interests of future licensees and other absent stakeholders while also ensuring that the record developed provides a thorough basis for a rulemaking should that be appropriate. White Paper on Harm Claim Thresholds at 7.
  
125. Many commenters on the White Paper on Interference Limits Policy believed that the concepts deserved further consideration. See, e.g., Pericle Communications Company Comments (ET Docket No. 13-101) at 1; CTIA Comments (ET Docket No. 13-101) at 2; Aeronautical Frequency Committee Comments (ET Docket No. 13-101) at 2; Consumer Electronics Association Comments (ET Docket No. 13-101) at 6; GPS Innovation Alliance Comments (ET Docket No. 13-101) at 4. 
  Others, while acknowledging the need to consider an interference limits approach, opposed applying such an approach to particular services (e.g., aviation safety, safety-of-life services, amateur radio, or commercial mobile services) stating that a one-size-fits-all approach would not be appropriate. See, e.g., Rockwell Collins Comments (ET Docket No. 13-101) at 3-5; ARRL, The National Association of Amateur Radio Comments (ET Docket No. 13-101) at 5; GPS Innovation Alliance Comments (ET Docket No. 13-101) at 11-14; Motorola Mobility Comments (ET Docket No. 13-101) at 4; National Association of Broadcasters Comments (ET Docket No. 13-101) at 6.    
  Some commenters, noting the difficult methodological and administrative implementation issues associated with this approach, stated that the Commission should explore and promote industry receiver performance measurements and some thought it important to develop appropriate enforcement mechanisms for any limits adopted. See, e.g., Pericle Communications Company Comments (ET Docket No. 13-101) at 5; Motorola Solutions Comments (ET Docket No. 13-101) at 4; CTIA Comments (ET Docket No. 13-101) at 9; GPS Innovation Alliance Comments (ET Docket No. 13-101) at 3-4. 
  Many supported use of multi-stakeholder groups for formulating possible interference limits provided that appropriate representatives would participate. See, e.g., Wireless Innovation Forum Comments (ET Docket No. 13-101) at 2-4; National Association of Broadcasters Comments (ET Docket No. 13-101) at 4-5; CTIA Comments (ET Docket No. 13-101) at 7-8; GPS Innovation Alliance Comments (ET Docket No. 13-101) at 3-4; Motorola Solutions Comments (ET Docket No. 13-101) at 2. 
  Some commenters supported the Commission using a pilot project to explore the approach in an appropriate band. See, e.g., CTIA Comments (ET Docket No. 13-101) at 8-9; National Association of Broadcasters Comments (ET Docket No. 13-101) at 5; Motorola Solutions Comments (ET Docket No. 13-101) at 5. 
 
126. In addition to the TAC, other entities recommended that the Commission further explore an interference limits policy, including harm claim threshold approaches.  These included reports noting panelists’ consensus that a protection limits approach generally was preferable to adoption of receiver standards, Silicon Flatirons Report on Efficient Interference Management at 11-12.
 and a later report largely supportive of developing an interference limits policy approach, including harm claim thresholds approach along with using multi-stakeholder groups to help develop appropriate technical solutions. Silicon Flatirons Report on Receivers at 7-8, 10.
  One paper has proposed a specific harm claims threshold approach in which the threshold would be based on the interference environment associated with flexible use in the adjacent bands. Kwerel and Williams Paper on Forward-Looking Interference Regulation, 9 J. on Telecomm. & High Tech. L.at 516-18 (for example, if the bands adjacent to a new allocation are likely to be reallocated for high-value flexible use within the foreseeable future, the new allocation would need to self-protect against future deployments of such systems in adjacent bands regardless of the current use).
  PCAST also supported the harm claims threshold approach for receiver interference limits, which it contrasted with use of “heavy regulation of spectrum and devices” to solve receiver-driven interference issues.  It believed that such an approach would provide a framework for defining harmful interference, could provide clarity on the requirements that a new entrant must meet to co-exist with legacy systems in adjacent bands, and would give device manufacturers freedom to address those requirements as they see fit. PCAST Report at 34; see also id. at 111-13.
  GAO also noted one of the Commission’s clear options for promoting receiver performance was further consideration of an interference limits approach. GAO Report on Receiver Performance at 30.
  
127. Discussion.  In this NOI, we seek to develop an up-to-date record on whether the Commission should further explore implementing an interference limits policy, and in particular, a harm claim thresholds approach.  We ask that commenters review the two TAC whitepapers, and offer their thoughts on the details discussed there, the issues and concerns raised, and how the Commission might proceed in consideration of interference limits policy and harm claim thresholds.  In particular, we seek comment on how such an approach would fit into today’s spectrum environment characterized by much more intensive use compared to when these recommendations were developed. How could this approach alleviate spectrum issues the Commission is currently addressing as well as anticipated trouble spots as the Commission continues to examine opportunities for reallocating spectrum for higher valued uses?  Should the Commission consider adopting any rules to implement such a policy?
128. We note that the TAC recommended in the White Paper on Interference Limits Policy that the Commission issue a Notice of Inquiry seeking public comment on interference limits policy.  First, we seek comment on the use of an interference limits policy at service boundaries in general, including the tradeoffs between interference limits policy and three alternatives to an interference limits policy that were noted in the White Paper on Interference Limits Policy.  To focus this inquiry quantitatively, we seek comment on the use of an interference limits policy at service boundaries where there are legacy receivers for one of the radio services for which there are no published or industry-standard minimum out-of-band blocking threshold(s).  Commenters should identify inter-service boundaries where there are some legacy receivers that are unable, for example, to tolerate fundamental signal levels outside their receive band that are more than 2%-10% displaced from the legacy receiver band edge and less than -15 dBm at the receiver input port (after antenna losses, prior to RF filter attenuation). -15 dBm was chosen here because for over 20 years, billions of (3GPP) mobile phone receivers and millions of certified aviation GPS receivers and 3GPP base station have been designed and deployed with this value of receiver blocking tolerance at a far range of frequencies from the allocated spectrum band.  The 2%-10% frequency displacement is an approximate range over which various frequency dependent rejection masks for well-designed receivers are able to attenuate and tolerate out-of-band signals that are widely spaced from the allocated spectrum band, while legacy receivers with poor out-of-band rejection may not be able to tolerate out-of-band signals (i.e., they are receiving signals far removed from their band allocation).   
  Commenters that support different metrics for examining inter-service boundaries are encouraged to provide such metrics along with detailed explanations to support their choices as well as the boundaries where they should apply.  We are interested in knowing where legacy receivers are deployed that are designed and compliant with widely accepted industry receiver standards that include minimum out-of-band blocking (i.e., overload) tolerance specifications (e.g., radio receivers such as 3GPP base stations, user devices, aviation certified GPS receivers, etc.).  Similarly, we seek information on where receivers are deployed that are not built to such standards, yet seek protection from signals outside their band.  And we request that commenters identify the types of legacy receivers that are in the category identified by the TAC where interference limit policies may not be necessary at all.  Our goal is to build a quantitative record based on commenters’ experience and spectrum viewpoints to inform the Commission where they believe high-value interservice boundaries exist and where interference problems can be foreseen that could benefit from proactively implementing a harm claim threshold approach to specify licensees’ responsibilities for interference risk mitigation.
129. Second, we seek comment on institutional approaches for implementing harm claim thresholds, including the use of multi-stakeholder processes, rulemaking, and in particular, inter-industry standards setting processes.  We seek comment on specific tasks or reports that a multi-stakeholder group should address that would aid the Commission if it were to further examine implementing a harm claim threshold approach.  For example, would a multi-stakeholder group be able to evaluate any high value interservice boundaries identified by commenters and provide consensus insight into which spectrum allocations should be addressed first or which would provide the largest benefits?  Additionally, could a multi-stakeholder group compile data and produce a report or database regarding relevant technical specifications of deployed receivers including, but not limited to relative and absolute dynamic range, The absolute power range between the power of the minimum discernible signal and the maximum signal strength for which a distortion metric is not exceeded.
 out-of-band blocking tolerance, and selectivity, where public owners of such receivers, other potentially affected spectrum users, and the Commission,  do not have transparent insight?  Such information could inform policy decisions and actions to balance transmitter emission power with receiver reception limits.  What other tasks could a multi-stakeholder group tackle to help this process?
130. Similarly, how can industry standards processes be leveraged to provide for improved receiver performance to support a harm claim threshold approach?  In this regard, the Commission is not seeking to build a record to mandate the “design” of receivers that could chill technology evolution, but instead, the Commission is seeking ideas on how the importance of good receiver design can more effectively be represented in the lifecycle of receiver development and product evolution processes.  For example, for receivers that require protection from fundamental signals in adjacent or nearby spectrum bands, the minimum undesired out-of-band power at which those receivers can operate without a degradation metric exceeding a low minimum, could be specified in an industry standard.  We note that this is already done in some standards groups. For example, 3GPP specifies a far OOB undesired power level of -15 dBm for base stations and user devices. For 4G/LTE, see 3GPP TS 36.101 v17.4.0 (2021-12) User Equipment, Table 7.6.2.1-2 Out of band blocking, Range 3 & 4, Pinterferer = -15 dBm; and 3GPP TS 36.104 v17.4.0 (2021-12) Base station radio transmission and reception, Table 7.6.1.1-1 Blocking performance requirement for Wide Area BS for E-UTRA, -15 dBm interfering signal mean power; for 5G/NR, see 3GPP TS 38.101-1 v17.4.0 (2021-12) User Equipment, Table 7.6.3-2 Range 3, and Table 7.6.3-4 Range 3, Pinterferer = -15 dBm; and 3GPP TS 38.104 v17.4.0 (2021-12) Base station radio transmission and reception, Table 7.5.2-1 Out of band blocking performance requirement for NR, -15 dBm interfering signal mean power.
  Alternatively, specific receiver requirements can be specified as a receiver mandate in our rules or absent such specificity, left to industry to meet a harm claim threshold signal strength or power flux over-the-air specification (i.e., signal-in-space) which could be codified in our rules.  We seek comment on these alternatives and their tradeoffs. 
131. Third, we seek comment on suitable parameters for harm claim thresholds, engineering methods to determine their values, and ongoing reporting, analysis, and enforcement challenges.  For example, should the Commission consider whether to adopt a standard “reference value of far out-of-band blocking power” to evaluate inter-radio-service interference scenarios.  If so, what value would be appropriate?  Would a standard reference value such as -15 dBm at the input to a receiver’s front-end filter, be useful in the early identification of suitable harm claim thresholds; i.e., identifying harm claim thresholds that may be “at,” “above,” or “below” a standard reference value?  If this value is inappropriate, what value would be appropriate?  Should different values be specified for different radio services?  If so, we request that commenters justify their position and provide detailed comment regarding recommended values and which radio services are applicable.  Are there instances in which the harm claim threshold should be set based on assuming that the allocation in the adjacent band would be flexible use?  How can the Commission incentivize industry segments where there are no consensus receiver standards, yet there is a desire for “protection” from inter-band interference?  Since the responsibility for spectrum coexistence lies with both transmitters and receivers, can these (or other) harm claim threshold parameters be used to achieve the Commission’s policy goals?
132. We also seek comment on whether a harm claim threshold approach should incorporate two parameters that 3GPP has used to study the balance of transmitter impairments with receiver impairments:  Adjacent Channel Leakage Ratio (ACLR) and Adjacent Channel Selectivity (ACS).  These parameters are used to analyze and determine the balance between transmitter and receiver impairments within spectrum bands shared between multiple mobile broadband service providers using a basic formulation called Adjacent Channel Interference Ratio (ACIR). LTE – The UMTS Long Term Evolution: from theory to practice, 2nd ed, 2011, Sesia, Toufik, Baker; Section 21.4.5; “The ACIR is the ratio of the total power transmitted from a source to the total interference power affecting a victim receiver, resulting from both transmitter and receiver imperfections.”
  While we are unaware of anyone applying this concept “between inter-service spectrum bands” (i.e., between different radio services) to assess whether out-of-band transmitter impairments or out-of-band blocking receiver filter impairments dominate the interference equation between spectrum bands, we seek comment on whether these concepts can be used in this context.  For commenters that support such an approach, we request specific information regarding how these concepts could be applied and what values should be considered for evaluation purposes for various radio services.  
133. Are there specific engineering methods or analysis tools that lend themselves to analyses necessary to support a harm claim threshold approach?  In particular, a harm claim threshold approach may require specifying an “over the air” power flux or field strength threshold, over which “claims of harm” could be made, and under which claims of harm could not be made.  Spatial and temporal variables associated with transmitters and receivers, especially mobile radio, present a statistical challenge to assess probabilistic bounds versus deterministic bounds (e.g., a receiver dynamic range certification requirement).  Moreover, radio propagation is highly variable and radio waves are “polarized” and “directional” creating more statistical uncertainty.  Further, technology advancements such as 5G Advanced Antenna Systems (AAS) enable more effective “directionality” to optimize wireless network coverage and performance, but technologies such as AAS also pose a dimension of uncertainty (e.g., RF emissions ‘below the horizon’ versus ‘above the horizon’).  How can these probabilistic variables be accounted for in analyses to produce trusted results agreed upon by interested parties?  Can a standard methodology and modeling tools be used to implement these processes?
134. We also seek comment on whether a standard reporting or measurement scale can be developed to categorize levels of interference or impairment.  For example, most people are familiar with the Fujita (tornadoes), Saffir-Simpson (hurricanes), and Richter (earthquakes) scales, that stratify the consequences of undesired environmental effects in a manner that is understandable by the public.  Can something similar be developed for spectrum and RF interference?  Currently, some parties point to a relative change in the noise floor as a single indicator of harmful interference.  However, given the orders of magnitude of variation between transmitter and receiver impairment conditions for different services and situations, a single-value relative change metric may not be meaningful.  Moreover, under a harm claim threshold approach, there should be flexibility to determine a range of relevant values and associated responsibilities or ability to claim inference protection.  Should the Commission establish a few basic and standard reference categories of interference, to enable quantitative / statistical risk assessment?  As with the examples above, the absolute values of the scale can be different between different radio services.  There is no “one size fits all.”  However, the notion here is that “sizes” (or ranges of power) are potentially describable and more meaningful to the public.  What categories and levels do commenters believe would be both easy to describe and lend relevance to this approach?  
135. We seek comment on how a harm claim threshold could be enforced given the spatial and temporal variations of various radio systems.  We seek comment on how persistent and intermittent interference would or could be detected, reported, and used to identify a “claim” of interference?  How would such a process distinguish external sources of interference from self-interference sources such as “cross coupling” between the transmit and receive paths within a radio transceiver, which could be misinterpreted as interference from an external source?  How would sources of intermodulation interference be detectable and analyzed to distinguish (a) intermodulation interference generated from within a receiver, from (b) intermodulation products from the receiver’s antenna system, from (c) intermodulation interference from the local environment (e.g., rusty bolts, corroded  metal infrastructure nearby), from [d] intermodulation interference generated from high power nearby RF emissions (e.g., fundamental signals F1 and F2 can create interference at F3 = 2*F2 – F1) when impressed on a nonlinear element can cause co-channel interference within a receiver?  We seek comment on these and other relevant interference reporting processes and best-practices that can be employed for specific radio services, regardless of whether receiver performance minimum expectations are established by industry standards or harm claim threshold methods.  What other factors need to be addressed to effectively enforce a harm claim threshold?  Commenters should be specific regarding what they and industry stakeholders can proactively and specifically do, and what role the Commission should undertake to enforce a harm claim threshold approach, especially in maintaining a “light touch” regulatory approach.
136. Finally, we inquire about whether a harm claim thresholds approach should be expected to evolve as receiver performance improves over time.  Should receivers that may meet a standard when they are deployed be upgraded or replaced in the future to merit interference protection under the Commission’s rules if new receiver standards are developed that provide increased interference immunity?  We note that different systems have different expected lifecycles.  We request comment on whether the Commission should consider a specified time frame from the date a receiver was deployed after which it should be expected to meet newer standards.  Similarly, we invite comment on whether limits should be reevaluated periodically and adjusted based on newer technology standards and capabilities, or whether receiver protection should be tied to certain required maintenance or replacement schedules. 
c. Receiver Performance Mandates
137. As noted above, the Commission has not generally imposed requirements on receiver performance and relies instead on establishing technical and operational rules associated with  transmitters.  As to receiver performance, the Commission has relied largely on market forces rather than mandatory requirements to provide incentives for manufacturers to produce equipment with good receivers, though better performing receivers may come with increased cost.  As discussed above, there have been a number of occasions in which the Commission has adopted rules that either promote receiver performance or require that receivers meet certain minimal technical performance capabilities, including situations involving repurposed spectrum where receiver performance specifications were required for future operations (DTV tuner requirements), developing acceptable levels of in-band and adjacent band interference for services (800 and 900 MHz bands), and safety-of-life services (maritime and location services). See Background Section, II.B above.
  Some commenters or studies have indicated that in certain types of situations rules promoting receiver performance may be appropriate, such as in the case where the licensee does not have sufficient control over receiver performance. See, e.g., National Association of Broadcasters Comments (ET Docket No. 03-65) at 2.
   
138. Discussion.  We request comment on whether and under what circumstances it might be appropriate for the Commission to consider adopting rules promoting receiver performance or specifying minimal receiver requirements.  We also invite comment on possible regulatory approaches that promote receiver performance without specifying technical requirements.
139. We seek comment on whether the Commission should consider expanding its receiver rules to encompass more radio services or to apply rules generally across all radio services.  To what extent to do the Commission’s limited existing requirements on receivers provide guidance as we consider this issue?  How successful were those efforts at balancing the need for a rule requirement without imposing undue costs that might be associated with such a regulatory approach?  Should a particular approach already adopted by the Commission for one particular situation be appropriate for considering in an analogous situation?  Are there particular services or situations today that suggest that the Commission should consider adopting a rule on receiver performance to serve the public interest?  Why would such an approach be appropriate?
140. If a commenter suggests that the Commission should consider adopting a rule requirement in particular situation(s), we seek comment on why and how the rules could be applied.  How specific would the requirements need to be?  For example, the Commission could take a light touch regulatory approach and simply require equipment to meet certain industry standards or it could require receivers to meet certain benchmarks or a combination of the two based on radio service or type of equipment.  Because some Commission licensees, such as mobile phone providers approve and certify specific phone models for use on their networks, should the Commission consider whether to adopt a requirement that those licensees ensure that their customers’ equipment meets some minimal standards (e.g., 3GPP standards)?  Would a rule specifying such a requirement suffice?  Or would specific minimum benchmarks be needed?
141. We seek comment on whether there are certain cases where a regulatory approach should be considered because the receivers associated with a particular service are not sufficiently under the control of the licensee or may not be designed to meet particular industry specifications.  We note, for instance, that in many cases consumers have a wide variety of equipment choices (e.g., in-home access point equipment, devices for use with a licensed or unlicensed services such as radar or satellite receivers), and the purchase decision is entirely in the consumer’s hands without any licensee providing the role of gatekeeper on receiver performance.  Would regulatory requirements to ensure minimal performance be appropriate in certain situations such as those?  What are the costs and benefits of such an approach?  Commenters should provide detailed justification for what type of requirements should apply to which services or user classes, if the Commission were to consider amending its rules to implement receiver requirements.
142. To what extent might it be appropriate for the Commission to consider requiring certain disclosure to consumers, and owners/operators of equipment and systems with embedded receivers or transceivers, so that they make a more informed choice about the equipment they purchase.  We invite comment on whether the Commission should require radio equipment information disclosure, for example through a labeling requirement, or key metrics regarding the receiver.  Would such a requirement be useful to consumers and owners/operators of integrated systems that employ receivers?  If so, what type of information would be most helpful to inform consumers and operators to make an educated decision (e.g., selectivity, dynamic range, etc.)?  Would such a requirement be beneficial across the board for all equipment or only for equipment designed for certain services or user bases?  What would be the best way to disclose this information (e.g., on packaging, in the manual, etc.)?  What burden and costs would a disclosure requirement place on manufacturers?  Would this increase product costs?  If so, by how much?  Commenters should provide details regarding who would benefit most from such disclosures and for what type of equipment for which rule parts or portions thereof.  We also seek comment on how, if the Commission deems such rules are warranted, they should be enforced?  Should it be part of the equipment certification process where the Commission already imposes certain labelling requirements?  Finally, we ask if such a disclosure requirement would incentivize manufacturers to build better receivers?  Are there any other factors or policy issues that the Commission should consider as it pertains to the potential for requiring receiver labeling information?
143. If the Commission were to pursue consideration of possible mandatory requirements, we request comment on possible technical specifications or other requirements that would need to be considered.  For example, could the rules tie a filtering requirement to the expected emissions in adjacent or nearby bands to ensure resiliency from out-of-band emissions or blocking interference?  What about requirements regarding to spurious emissions or intermodulation interference?  How could such requirements be implemented?  What factors should go into determining such filter and other requirements?  Is there a frequency separation that should be considered, either absolute or as a function of bandwidth that should be considered to adequately protect receivers against blocking interference?  Should there be a required margin built in, to future proof receivers against future Commission actions that might affect the nearby RF environment?  If so, how much of a margin is realistic?  What issues need to be considered that affect the attenuation roll-off performance of filters?  How should such requirements be contemplated for differing operational requirements (e.g., requirement differences in fixed, mobile, satellite, broadcasting, radiolocation services, etc.)?
144. In the event a regulatory requirement is considered, we seek comment on what consideration should be given for services where the expected equipment lifetime differs.  For example, certain industrial equipment is expected to work for 10 or 20 years or more while consumer mobile devices are typically replaced every few years.  What other technical requirements would need to be specified?  How should different receivers be categorized?  Can a rating scale be developed to easily assess how much additional interference protection one receiver may have over another?  Should any categorization be tied to characteristics of the desired transmitters? Or the undesired transmitters in adjacent and nearby bands?
145. In addition, we seek comment on how rules specifying particular receiver protection criteria may affect receiver architecture, particularly concerning implementation complexity, size, performance, form factors, number of external components, power consumption, impacts on other systems, and cost.
146. We seek comment on what type of tests may be needed if the Commission were to consider specific requirements.  Should such testing be part of the equipment approval process?  Which receiver parameters should be examined?  How should tests for these parameters be designed and conducted?  Commenters should provide information regarding specific test details.  Is there other information the Commission should consider, if it were to implement rule requirements for all or certain receivers?
147. Finally, we request comment on any other regulatory approaches the Commission should consider that would promote improved receiver interference immunity performance where that would be appropriate.  We ask that commenters provide sufficient explanation of their ideas and rationale for why they would be appropriate for consideration of such a regulatory approach as the best means of promoting our goal of promoting more efficient use of spectrum through improved receiver performance.
4. Innovation and the Marketplace
148. As part of the Commission’s overall spectrum management goals, we seek to promote innovative new technologies and uses of spectrum.  We request that commenters address the various considerations and approaches that have been discussed in this Notice, and inform the Commission about how best to promote innovation.
149. We recognize that receiver interference immunity performance specifications have the potential to impact receiver markets in various ways depending on how they are implemented.  As discussed above, we are examining three general types of approaches to promoting improved receiver performance – promoting industry-led voluntary approaches, providing additional Commission guidance, and possibly adopting mandatory requirements, or some combination of each.  We inquire as to how innovation and the marketplace would be affected by the approaches we are considering, and how best to consider the weighing of each approach as well as a balanced combination.
150. We note, for instance, that receivers with improved interference immunity performance features may create product differentiation that is generally desirable for consumers/users.  As for voluntary approaches, voluntary industry guidelines and standards that promote development of receivers that are better or more desirable would create product differentiation.  At the same time, however, the cost of producing such receiver devices might be higher than the cost of producing less resilient receivers, resulting in higher prices.  In such a case, consumers/users would ultimately determine whether the receivers with greater interference immunity are ultimately deployed (compared to less resilient receivers), and would generally be based on whether the users would be willing to pay any higher prices that might be charged.  We seek comment on how we might assess voluntary approaches in the context of innovation and the marketplace, and which approaches would be most or least effective when it comes to facilitating innovation while promoting improved receiver performance.
151. We next seek comment on how the various approaches discussed regarding potential Commission guidance would affect innovation and the marketplace.  We ask that commenters address particular types of potential Commission policy guidance discussed herein – including general policy guidance, a policy statement, or an interference limits policy such as harm claim thresholds – and how those particular approaches affect innovation and the marketplace.  Which approaches would be most or least effective as to facilitating innovation while promoting improved receiver performance?  For instance, would clarification of Commission policy as to the integral role that receiver interference immunity performance plays in spectrum management, and clearer guidance about receiver responsibilities associated with developing and deploying receivers that protect against adjacent and nearby spectrum uses, help promote innovations in improved receiver design, and how should the Commission consider crafting such guidance in order to promote innovation in the marketplace?  We also note that proponents of the development of an interference limits policy or harm claim threshold approaches note many benefits of such an approach, including that it could serve as a better alternative to adopting particular mandatory requirements in the rules.  We invite comment on how an interference limits policy or harm claim thresholds approaches affect innovation and the marketplace.
152. We also invite comment on the adoption of regulatory requirements or rules (including  standards) that require minimal levels of receiver interference immunity performance as the means for achieving the Commission’s public interest goals.  We note that mandatory standards would be expected to ensure development and deployment of receivers with a minimal level of interference immunity performance that would help achieve particular Commission goals regarding particular spectrum bands, including addressing issues relating to enabling greater access to adjacent band spectrum for other spectrum users.  At the same time, we note that there may be instances in which regulatory adoption of specification standards could stifle innovation by restricting the introduction of products with otherwise desirable new features that are inconsistent with the standards, or might not be the most efficient at achieving the Commission’s goals for ensuring a minimal level of receiver performance.  We ask for comment on how particular mandatory approaches may affect innovation and the marketplace.  If a class of receivers are expected to be protected without a minimum knowable level of self-protection (selectivity) designed-in the receiver, how can protection be ensured?
153. With regard to each of the approaches discussed above, we request comment on the impacts of receiver interference immunity performance as to the following questions.  What effects would interference immunity performance specifications have on innovation in equipment design, performance (especially as to performance not addressed by specifications) and features?  What effects would particular approaches have on receiver markets in terms of cost of production, price and availability of equipment, and user demand?  What aspects of specifications would have the greatest impacts on innovation and markets and what steps could be taken to minimize or mitigate their impacts?  Since receiver filters to block OOB signals are generally a small fraction of the cost and complexity of a receiver, and generally, such components do not constrain the high-level innovative functions of a receiver, commenters should be specific and describe the impact on innovation, if any, of establishing basic minimum power reception limits from signals outside of a receiver’s allocated spectrum band.  Finally, to what extent should assessments of the impact on innovation and markets be a factor in the Commission’s consideration of the various approaches for promoting improved receiver interference immunity performance discussed in this NOI?
154. In addition, we inquire as to how the Commission might evaluate an appropriate mix or balance among the various approaches that are discussed in this NOI as regards innovation and the marketplace.  Commenters should offer their views on how the Commission might find that appropriate mix or balance.  We also invite comment on how these approaches might affect innovation in spectrum utilization.  For example, how might these measures affect the development and costs and benefits of innovation associated with new wireless use cases?  Compared to the Commission’s approach to receiver performance to date, how might any of the approaches discussed above potentially serve to promote innovation in spectrum use, including not only in receiver but in transmitter design and performance as well?
155. Finally, we invite comment on any other considerations that the Commission should take into account on how best to promote innovation as the Commission evaluates possible approaches to promoting improved receiver performance as part of its spectrum management in the future.
5. Legacy Receivers and Transition Pathways 
156. There are many billions of receivers currently in use in various different radio services for a multitude of purposes.  Depending on the types of approaches that industry and the Commission might take into promoting improvements in receiver performance, many of these existing “legacy” receivers may be impacted.  Many receivers presumably already operate efficiently and include robust interference immunity, whether it is because they comply with voluntary industry guidelines, manufacturer designs are efficient, regulatory requirements are in place, or for other reasons.  Many other receivers may currently not include the latest technologies or designs that could make the receivers more immune to interference, but also may be in the process of being replaced fairly quickly over the next few years, as is the case for consumer mobile devices over generally a five to ten year period.  Then there are  receivers  in many different services, that may not be as immune to interference as they could be, particularly insofar as the receivers (or some subset of them) used in a particular service may be susceptible to interference from other operations in adjacent or nearby bands, or could experience interference with the introduction of new services in adjacent or nearby bands, in part because these receivers (or some subset of them) have not been designed to be more immune to interference.
157. As the Commission observed in its 2003 NOI on receiver performance, in situations where the Commission adopted spectrum policies that assumed receivers performed in accordance with a given set of interference immunity specifications, it is likely that many of the existing receivers could continue to provide satisfactory service. NOI on Receiver Performance Specifications, 18 FCC Rcd at 6055-56, para. 40.
  Further, interference conditions that would necessitate the use of receivers meeting the applicable guidelines/standards would not be present everywhere, and they may operate in locations where potentially interfering signals were not present or were present at levels within the capabilities of existing receivers. Such receivers could provide satisfactory service. in  many situations where industry or the Commission adopted spectrum policies that promote receiver performance.  Accordingly, the NOI noted that one approach would be to simply allow users to change to new receivers as they encountered interference.  The Commission also identified another situation, such as where the service would be of more critical importance, and suggested that it might be necessary to require replacement of receivers, including the case in which a transition is being mandated for the replacement of receivers. Id.
  The Commission asked about how to treat existing receivers that do not comply with any new receiver immunity specifications that may be developed, and how the size of the installed receiver base should affect development of receiver guidelines/standards, what criteria should be used by the Commission if it were to take action to require replacement of receivers (either rapidly on a transitional basis) in particular services, and what would be an appropriate phase-in period. Id. at 6055-56, paras. 39-40.
  
158. Regarding the potential replacement of legacy receivers, the GAO report noted both the lack of predictability about the future spectrum environment, and that it can take significant time and effort to upgrade and replace receivers once deployed. GAO Report on Receiver Performance at 26-28.
  Silicon Flatirons suggested that it would be helpful if regulators could better anticipate the needs at band edges and provide proper notice (e.g., 10 years) regarding the need for better receivers, and further noted that in order to help manage costs development of a phase-in of receiver regulation would be important. Silicon Flatirons Report on Efficient Interference Management at 10-11.
  CSMAC discussed the need for future spectrum planning to give due consideration to legacy equipment and not to unnecessarily strand such equipment due to new services or devices that cause interference. It believed that when developing future spectrum sharing policies and considering technological advancements that enable improvements in legacy equipment, spectrum managers should also consider the replacement rate of existing transmitting and receiving equipment.  This would avoid the potential for unnecessary stranded investment in this equipment, and balance the cost of this investment with the public benefits of more spectrum access to both federal government and other users. CSMAC Report at 61-62, 64-65 (discussion on “promoting certainty and appropriate consideration of legacy” and “taking technological advancements into account with regard to legacy equipment”). 
  
159. We further note that the matter of how best to address legacy receivers and transition to less susceptible receivers in order to allow new operations in adjacent or nearby bands continues to be an important consideration as the Commission seeks to enable new uses of spectrum and promote more efficient use of spectrum.  We anticipate that issues concerning legacy receivers that are not as interference-resilient as they could or should be may continue to arise, and consideration to potential pathways for addressing legacy receivers and any transitions to better performing receivers is important.    
160. Discussion.  What is the state of receiver performance across the commercial sector, including public safety, aviation and maritime safety,  and federal spectrum users?  We request comment and suggestions on the range of issues and considerations that the Commission should take into account as it considers the treatment of existing receivers that may not comply with any new approaches or policies adopted in the future (e.g., improved receiver minimum interference immunity performance where that might be appropriate).  We note that the issues include those relating to how the Commission or others might determine the size of the installed base and identify existing or legacy receivers that potentially may be subject to approaches that lead to improved interference immunity performance.  As discussed above, we recognize that in many instances receivers are replaced fairly often, and that improved receiver performance in those cases could be achieved in a relatively rapid fashion, while there may be other situations in which other approaches (as discussed herein) may be appropriate.  We invite comment on each of these types of situations, including specific comment on whether and how to factor in the anticipated useful life of existing receivers.  
161. We also request comment on considerations that the Commission should take into account related to transitions (e.g., repair or replacement) from use of legacy receivers to receivers that are more interference-immune in situations where that is deemed appropriate.  Are there, for instance, particular approaches in previous or current Commission proceedings that provide some guidance that the Commission should consider?  What are the complexities of introducing receiver requirements or harm claim thresholds in bands with existing spectrum allocations and service rules?  What are realistic timelines for products in existing bands to adapt to a harm claim threshold or other regulatory actions to improve receiver performance?  We invite broad comment on relevant issues pertaining to legacy receivers and potential transition approaches, including timelines for transitioning that may be appropriate, the impact on global competitiveness, and consideration to regulatory actions that other nations have taken.  Are there approaches that the Commission should consider that would enable smooth transitions?  Should the Commission consider approaches that could facilitate any transition deemed appropriate that would minimize the costs that would be incurred?  In sum, we ask that commenters help the Commission identify and consider the range of issues and concerns that should be taken into account with regard to addressing legacy receivers and transitioning to systems with improved receiver interference immunity performance that would serve the public interest.  
6. Costs and Benefits 
162. There are both costs and benefits that are associated with the implementation of the various approaches discussed in this NOI for the Commission’s consideration as it seeks to promote improved receiver interference immunity performance in appropriate ways.  We recognize that there could be a range of tradeoffs to consider. NOI on Receiver Performance Specifications at 6024, 6044, 6047-48, 6052, paras. 10, 14, 21, 24, 33 (discussing costs and benefits and tradeoffs to consider).
  We invite comment on ways to minimize the costs, optimize the benefits, and otherwise balance the costs and benefits, as steps are taken in the future to improve receiver interference immunity performance as part of the Commission’s overall spectrum management goals in those situations in which doing so would serve the public interest.   
163. We note that the TAC in its White Paper on Risk-informed Interference Assessment, recommended that the Commission include in its decision-making evaluation a quantitative risk-informed interference assessment (e.g., comparing various likelihood/consequence combinations for multiple different potential interference hazard scenarios among the potentially affected operators) as it considers the interests of incumbents, new entrants, and the public. See generally White Paper on Risk-informed Interference Assessment.
  Others have noted that better understanding of the costs and benefits associated with improved receiver interference immunity performance could be help “inform how to develop an incentive structure that would actually improve receiver selectivity.” Silicon Flatirons Report on Receivers at 5.
  CSMAC indicated that in considering costs, spectrum managers should take into account changes and improvements in legacy equipment that will occur in the marketplace, and try to minimize the cost of stranded investments. See CSMAC Report at 61-66.
  Several other reports have focused on considerations related to the costs associated with any new guidance or policy promoting improved receiver performance, and discussions of the need for an appropriate phase-in depending on the situation. See, e.g., Silicon Flatirons Report on Efficient Interference Management at 10.
    
164. Discussion.  We invite comment on how the Commission should consider the associated costs and benefits of the various approaches that are discussed in this NOI for promoting improved receiver interference immunity performance – including voluntary approaches, Commission guidance (e.g., policy clarification, policy statement, interference limits policies), or regulatory approaches such as adoption of mandatory requirements for specified services.  
165. We also invite comment on how the Commission might consider a phased-in approach when promoting improved receiver interference immunity performance in particular bands.  As the Commission considers costs and benefits, what are the kinds of costs and the kinds of benefits that should be considered?  We ask that commenters discuss not only financial impacts but also considerations relating to competition as well as public safety and national security concerns.  For example, would improvements in receiver interference immunity performance (e.g., selectivity to reject unwanted emissions) enhance the ability of receivers to reject jamming and spoofing attempts?  How might the Commission best consider the trade-offs concerning potentially affected stakeholders?
7. Legal Authority
166. As the Commission considers possible approaches to explore further, we seek comment on the Commission’s legal authority concerning the kinds of approaches it may be considering.  In the 2003 NOI on Receiver Performance Specifications, the Commission stated its belief that the Commission had the “necessary statutory authority to promulgate receiver immunity guidelines and standards under sections 4(i), 301, 302(a), 303(e), (f), and (r) of the Communications Act, as amended.” NOI on Receiver Performance Specifications at 6047, para. 22.
  Several commenting parties generally agree, while others suggested that the Commission’s authority could be limited. See, e.g., Sinclair Broadcast Group Comments (ET Docket No. 03-65) at 7-9 (Commission has legal authority); Julian Gehman Comments (ET Docket No. 13-101) at 4-7 (Commission has ample authority to implement interference protection limits); but see AT&T Comments (ET Docket No. 03-65) at 14-15 (the Communications Act only provides authority to regulate “specifically enumerated classes of licenses and devices”); the Consumer Electronics Association (ET Docket No. 03-65) at 11-12 (Commission generally does not have legal authority to impose receiver performance standards outside of certain enumerated classes of devices).  We also note that some have suggested that having additional clarification from Congress could be useful to the Commission as it considers ways to promote receiver interference immunity performance as part of its spectrum management policies and efforts.  See, e.g., PCAST Report at 35 (suggesting that, in light of its recommendations and Congressional interest in receiver performance, Congress may want to consider clarifying the Commission’s authority under the Communications Act as it considers spectrum management with regard to receiver interference immunity performance).
     
167. Discussion.  We continue to believe that the Commission has the necessary statutory authority to promulgate receiver immunity guidelines and standards under sections 4(i), 301, 302(a), 303(e), (f), and (r) of the Communications Act, as amended.  We request comment on this assessment of our authority.  We also invite comment on other sources of authority as the Commission considers the various approaches concerning receiver performance as discussed in this NOI.  We seek comment in this NOI on whether the extent and limits of the Commission’s statutory authority and enforcement mechanisms should affect its consideration of the possible approaches.
168. The Communications Act provides the Commission with broad spectrum management authority, including authority under Title III of the Act to manage the use of radio spectrum and to prescribe the nature of wireless services to be rendered. See, e.g., 47 U.S.C §§ 301, 302a, 303, 309.
  In particular, section 303(e) allows the Commission to “regulate the kind of apparatus to be used with respect to its external effects and the purity and sharpness of the emissions from each station and from the apparatus,” section 303(f) directs the Commission to “[m]ake such regulations not inconsistent with law as it may deem necessary to prevent interference between stations and to carry out the provisions of this chapter,” and section 303(r) provides the Commission with general rulemaking authority. 47 U.S.C. §§ 303(e), (f), (r). 
  In the past, the Commission has drawn on its authority under section 303 to adopt requirements designed to protect receiving devices from interference from incoming signals by defining the conditions that constitute interference, including the operating parameters of the equipment causing and receiving the interference.  For example, as discussed above, in both the 800 MHz public safety service and 900 MHz Business and Industrial/Land Transportation (B/ILT) service the Commission adopted regulations that required licensees claiming protection from unacceptable interference to use receivers capable of distinguishing wanted signals from unwanted signals. See Protection of Public Safety Equipment in the 800 MHz Band, Report and Order, WT Docket No. 02-55, 19 FCC Rcd 14969, 15032 (para. 109) (2004) (800 MHz Order); Amendment of Part 90 of the Commission's Rules to Provide for Flexible Use of the 896-901 MHz and 935-940 MHz Band Allotted to the Business and Industrial Land Transportation Pool, Report and Order, WT Docket No. 05-62, 23 FCC Rcd 15856, 15870 (para. 24) (2008) (900 MHz Order).  In 2020 the Commission revised its rules governing operations in the 900 MHz Band to allow expanded broadband use and retained the interference resistance standards previously adopted for narrowband equipment in that band.  Review of the Commission’s Rules Governing Use of the 896-901 MHz and 935-940 MHz Band Allotted to the Business and Industrial Land Transportation Pool, Report and Order, FCC 20-67 at para. 165 (2000).
  More recently, the Commission adopted rules for commercial use of the 3.5 GHz Band that included protection limits afforded to receivers, although in that proceeding the Commission found it was unnecessary to mandate receiver performance specifications. Amendment of the Commission’s Rules with Regard to Commercial Operations in the 3550-3650 MHz Band, Report and Order, 30 FCC Rcd 3959 at para. 196 (2015) (3.5 GHz Order).
   
169. In addition to our clear authority to regulate receivers by defining the conditions that constitute interference, the Title III mandate to prevent interference “between stations” may also authorize the Commission to regulate the operations of a receiving station with respect to its compliance with technical parameters designed to ensure that it is capable of screening out certain levels of RF energy that would otherwise interfere with its reception of desired signals.  We invite commenters to provide an assessment of the extent of the Commission’s Title III authority over receivers.  Can section 303(f) be interpreted to authorize the regulation of either the transmission or reception of the undesired signal in order to prevent interference?  Does section 303(f), together with sections 4(i), 301, 302(a), 303(e), and (r), provide a sufficient basis for the Commission to establish interference protection rights for licensees or other authorized users of licensed devices, contingent on their devices meeting certain threshold performance requirements?  Do these or other statutory provisions also provide authority for the Commission to adopt requirements that specify interference-rejection capabilities for wireless receivers or to impose direct controls on receiver devices that lack sufficient capacity to reject incoming interfering signals?  Are such regulations reasonably ancillary to the Commission’s broad authority to ensure efficient use of radio spectrum?  Prohibiting the manufacture or use of devices that are particularly susceptible to interference would prevent interference under the terms of section 303(f), insofar as that provision empowers the Commission to adopt regulations to prevent interference “between stations.”  If Congress had intended to limit the Commission’s authority to the regulation of the transmission of the undesired signal, it could have made that intent clear by stating in section 303(f) that the Commission has authority to adopt regulations to prevent stations from “causing interference to other stations.”  By using the phrase “between stations,” however, Congress arguably provided the Commission with the flexibility to address interference problems at both the transmitting and receiving ends.  Do commenters agree?  We seek comment on the scope of the statutory definition of “stations” in this context, including how to interpret the definition of “radio communication” or “radio transmission of energy,” the former of which includes “all instrumentalities, facilities, apparatus, and services (among other things, the receipt, forwarding, and delivery of communications) incidental to such transmission.” See 47 U.S.C. §§ 153(40), 153(42), 153(47).  The Commission’s rules define “station” as “[o]ne or more transmitters or receivers or a combination of transmitters and receivers, including the accessory equipment, necessary at one location for carrying on a radiocommunication service, or the radio astronomy service.”  47 CFR § 2.1.   
  
170. What is the Commission’s authority to impose direct regulation on device manufacturers – i.e., to prohibit the manufacture or marketing of devices that fail to conform to minimum performance standards for resisting interference?  Section 302(a)(2) of the Communications Act gives the Commission authority to “establish[] minimum performance standards for home electronic equipment and systems to reduce their susceptibility to interference from radio frequency energy” and provides that “[s]uch regulations shall be applicable to the manufacture, import, sale, use, offer for sale, or shipment of such devices and home electronic equipment and systems, and to the use of such systems.” 47 U.S.C. § 302a(a)(2).    
  While the Commission has clear authority to adopt performance standards for receivers used as home electronic equipment under section 302(a)(2), we seek comment on the scope of the Commission’s authority pursuant to this provision.  To what extent does the Commission’s authority extend to receivers used in commercial applications, such as on airplanes, commercial delivery trucks, or tractors on industrial-scale farms?  Can consumer-facing devices used outside of the home, such as GPS devices used as navigation aids, be regulated under this authority? 
171. We invite comment on any other sources of authority the Commission could rely on for the actions we consider here.  Commenters should explain in detail why they do or do not believe we have authority to act if the Commission chooses to do so.  Commenters should also address whether the kinds of efforts or approaches that the Commission may ultimately take (e.g., gathering more information on receiver characteristics, developing and implementing harm claim threshold approaches, requiring transitions) would affect the analysis of the Commission’s authority or of its ability to enforce its rules effectively.
8. Other Possible Approaches and Issues
172. We invite comment on other possible approaches for the Commission’s consideration.  For instance, would convening Commission-led workshops comprised of a variety of experts from industry and government be helpful?  Would any pilot project be appropriate, and if so, with what particular frequency band(s) should be considered.  Are there further studies that could help inform the Commission on important considerations with regard to improving receiver interference immunity performance?  Are there other studies, efforts, analyses that we should consider in this proceeding?  If so, we ask that commenters identify them and explain why they should be considered.  
173. Digital Equity and Inclusion.  Finally, the Commission, as part of its continuing effort to advance digital equity for all, Section 1 of the Communications Act of 1934 as amended provides that the FCC “regulat[es] interstate and foreign commerce in communication by wire and radio so as to make [such service] available, so far as possible, to all the people of the United States, without discrimination on the basis of race, color, religion, national origin, or sex.”  47 U.S.C. § 151.
 including people of color, persons with disabilities, persons who live in rural or Tribal areas, and others who are or have been historically underserved, marginalized, or adversely affected by persistent poverty or inequality, invites comment on any equity-related considerations The term “equity” is used here consistent with Executive Order 13985 as the consistent and systematic fair, just, and impartial treatment of all individuals, including individuals who belong to underserved communities that have been denied such treatment, such as Black, Latino, and Indigenous and Native American persons, Asian Americans and Pacific Islanders and other persons of color; members of religious minorities; lesbian, gay, bisexual, transgender, and queer (LGBTQ+) persons; persons with disabilities; persons who live in rural areas; and persons otherwise adversely affected by persistent poverty or inequality.  See Exec. Order No. 13985, 86 Fed. Reg. 7009, Executive Order on Advancing Racial Equity and Support for Underserved Communities Through the Federal Government (January 20, 2021).
 and benefits (if any) that may be associated with the various approaches and issues discussed herein.  Specifically, we seek comment on how the various approaches that the Commission may consider may promote or inhibit advances in diversity, equity, inclusion, and accessibility, as well the scope of the Commission’s relevant legal authority.
IV. PROCEDURAL MATTERS
174. Ex Parte Rules.  This proceeding shall be treated as a “permit-but-disclose” proceeding in accordance with the Commission’s ex parte rules. 47 CFR § 1.1200(a).  Although the rules do not generally require ex parte presentations to be treated as “permit but disclose” in Notice of Inquiry proceedings, see 47 CFR § 1.1204(b)(1), we exercise our discretion in this instance, and find that the public interest is served by making ex parte presentations available to the public, in order to encourage a robust record.  See id. § 1.1200(a).
  Persons making ex parte presentations must file a copy of any written presentation or a memorandum summarizing any oral presentation within two business days after the presentation (unless a different deadline applicable to the Sunshine period applies).  Persons making oral ex parte presentations are reminded that memoranda summarizing the presentation must (1) list all persons attending or otherwise participating in the meeting at which the ex parte presentation was made, and (2) summarize all data presented and arguments made during the presentation.  If the presentation consisted in whole or in part of the presentation of data or arguments already reflected in the presenter’s written comments, memoranda, or other filings in the proceeding, the presenter may provide citations to such data or arguments in his or her prior comments, memoranda, or other filings (specifying the relevant page and/or paragraph numbers where such data or arguments can be found) in lieu of summarizing them in the memorandum.  Documents shown or given to Commission staff during ex parte meetings are deemed to be written ex parte presentations and must be filed consistent with Rule 1.1206(b), 47 CFR § 1.1206(b).  Participants in this proceeding should familiarize themselves with the Commission’s ex parte rules.
175. Comment Filing Procedures.  Pursuant to sections 1.415 and 1.419 of the Commission’s rules, 47 CFR §§ 1.415, 1.419, interested parties may file comments and reply comments on or before the dates indicated on the first page of this document.  Comments may be filed using the Commission’s Electronic Comment Filing System (ECFS) or by paper.  All filings must be addressed to the Commission’s Secretary, Office of the Secretary, Federal Communications Commission.
§ Electronic Filers:  Comments may be filed electronically by accessing ECFS at https://www.fcc.gov/ecfs.
§ Paper Filers:  Parties who choose to file by paper must file an original and one copy of each filing.  Paper filings can be sent by hand or messenger delivery, by commercial overnight courier, or by first-class or overnight U.S. Postal Service mail.
§ Effective March 19, 2020, and until further notice, the Commission no longer accepts any hand or messenger delivered filings. This is a temporary measure taken to help protect the health and safety of individuals, and to mitigate the transmission of COVID-19. See FCC Announces Closure of FCC Headquarters Open Window and Change in Hand-Delivery Policy, Public Notice, 35 FCC Rcd 2788 (2020), https://www.fcc.gov/document/fcc-closes-headquarters-open-window-and-changes-hand-delivery-policy.

§ Commercial overnight mail (other than U.S. Postal Service Express Mail and Priority Mail) must be sent to 9050 Junction Drive, Annapolis Junction, MD 20701.
§ U.S. Postal Service first-class, Express, and Priority mail must be addressed to 45 L Street NE, Washington, D.C. 20554.
176. Availability of Documents.  Comments, reply comments, and ex parte submissions will be publicly available online via ECFS.  These documents will also be available for public inspection during regular business hours in the FCC Reference Information Center, when FCC Headquarters reopen to the public.
177. People with Disabilities.  To request materials in accessible formats for people with disabilities (braille, large print, electronic files, audio format), send an e-mail to fcc504@fcc.gov or call the Consumer & Governmental Affairs Bureau at 202-418-0530 (voice), 202-418-0432 (tty).
178. Further Information.  For additional information on this proceeding, contact Paul Murray of the Office of Engineering and Technology, at paul.murray@fcc.gov or (202) 418-0688, or Michael Ha of the Office of Engineering and Technology, at michael.ha@fcc.gov or (202) 418-2099.
V. ORDERING CLAUSES
179. Accordingly, IT IS ORDERED that, pursuant to sections 4(i), 301, 302(a), 303(e), 303(f), and 303(r) of the Communications Act of 1934, as amended, 47 U.S.C. §§ 154(i), 301, 302(a), 303(e), 303(f), and 303(r), this Notice of Inquiry IS ADOPTED.

FEDERAL COMMUNICATIONS COMMISSION




						Marlene H. Dortch
Secretary
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Re: 	Promoting Efficient Use of Spectrum through Improved Receiver Interference Immunity Performance, ET Docket No. 22-137, Notice of Inquiry (April 21, 2022)

Wireless spectrum is a scarce resource.  But when we put this limited resource to creative use, we can expand communications for all, foster innovation, and support our economic and national security.  Our history is full of examples of us doing just that.  It’s why in the United States our spectrum policies have long led the wireless world.  After all, it was nearly three decades ago that the Federal Communications Commission took the academic ideas of Ronald Coase and ushered in a whole new era of spectrum auctions.  We also pioneered the use of unlicensed spectrum—the airwaves we now know and use every day as Wi-Fi.  More recently, we blazed a trail for two-sided incentive auctions and dynamic spectrum sharing.  With each of these efforts, we took spectrum scarcity and turned it into abundance.  

We need to do it again.

Today, more of our civic and commercial life relies on wireless technologies than ever before.  Commercial spectrum bands are increasingly crowded.  This congestion is making it harder to make room in our skies for new technologies and new services.  But we have to find a way, because no one wants opportunity and innovation to grind to a halt.  Moreover, staying in the same place and doing the same things we have done before is not what led us to lead in the past.  It won’t work in the future, either.  We need to do things differently—on two fronts.  

First, we need smarter coordination.  Earlier this year I announced a new Spectrum Coordination Initiative with Assistant Secretary Alan Davidson at the National Telecommunications and Information Administration.  This initiative involves more high-level meetings on spectrum issues, updating the twenty-year-old Memorandum of Understanding between the agencies, developing a national spectrum strategy, recommitting to scientific integrity and evidence-based policymaking, and revamping technical collaboration.  I am proud to say we have already made progress in a short time.  

Second, we need smarter policies.  To put a finer point on it, we need policies that promote more efficient use of this scarce resource.  Call it an abundance agenda.

An abundance agenda needs a target, and so we are starting with today’s inquiry into wireless receiver standards.  Here’s why—most discussions of spectrum efficiency are a one-way effort.  They focus almost exclusively on transmitters.  To avoid harmful interference, we typically have rules about how and when transmitters can operate.  But wireless communications systems involve transmitters and receivers.  It’s a two-way proposition.  Both are vital.  Both matter.  So we need to rethink our approach to spectrum policy and move beyond just transmitters and consider receivers, too.  That’s because receivers that are not sufficiently resilient can make it more difficult to introduce additional services in the same or adjacent airwaves.  They can diminish the spectral environment and shut out new uses before they even begin.  

There is too little in our existing spectrum policies that recognizes this truth.   There is also too little that incentivizes users or manufacturers to invest in better quality receivers.  But as we expand the use of our airwaves and wrestle with different uses in adjacent spectrum, we need to give consideration to the role of reception technology.

That’s where today’s inquiry comes in.  We survey the field.  We ask about earlier studies of this issue by industry, academia, the NTIA, and the FCC’s own technical and legal experts, including the work of our Technological Advisory Council.  We ask about different approaches—voluntary industry-led efforts, incentive systems, high-level principles, and policy statements.  We explore harm claim thresholds.  We ask about the 2013 Presidential Memorandum on Wireless Innovation that encouraged the development of a program of performance criteria and ratings and the consideration of spectrum efficiency in federal procurements—think of it as purchasing policy at scale.  We also ask about a rules-based approach and about our legal authority to clarify expectations about future receiver performance.  And we seek comment on the challenges implementing these policies might entail and what impact they might have on receiver innovation and cost.  

I look forward to the record that develops.  I look forward to once again turning spectrum scarcity into abundance.  I look forward to making progress. 

I want to thank Commissioner Simington, who expressed interest in doing more to address receiver quality.  He dug in deep, reviewed all the literature, and today’s effort is informed by his work and enthusiasm for this subject.  I also want to thank the staff who worked on this effort, including Bahman Badipour, David Duarte, Pat Forster, Michael Ha, Syed Hasan, Ira Keltz, Paul Murray, Nick Oros, Bob Pavlak, Siobahn Philemon, Jamison Prime, Ron Repasi, and Tom Struble of the Office of Engineering and Technology; Kenneth Baker, Linda Chang, Lloyd Coward, Thomas Derenge, Kamran Etemad, Jessica Greffenius, Kari Hicks, Tim Maguire, Madelaine Maior, Charles Mathias, Susan Mort, Roger Noel, Matthew Pearl, Paul Powell, Kambiz Rahnavardy, Blaise Scinto, Joel Taubenblatt, Jennifer Tomchin, and Janet Young of the Wireless Telecommunications Bureau; Rachel Kazan, Evan Kwerel, Paul Lafontaine, Kate Matraves, Chuck Needy, and Emily Talaga of the Office of Economics and Analytics; Jennifer Gilsenan, Dante Ibarra, Wayne Leighton, Kathy O’Brien, and Jim Schlitchting of the International Bureau; Jeremy Marcus and Ashley Tyson of the Enforcement Bureau; and Deborah Broderson, Doug Klein, David Horowitz, and Bill Richardson of the Office of General Counsel.
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Re: 	Promoting Efficient Use of Spectrum through Improved Receiver Interference Immunity Performance.  ET Docket No. 22-137, Notice of Inquiry (April 21, 2022)

	Over the past few years, the FCC made great strides in freeing up spectrum—and those steps proved key to powering America’s 5G leadership.  2.5 GHz, 3.45 GHz, 3.5 GHz, 4.9 GHz, the L Band, 5.9 GHz, 6 GHz, and the C-Band, to name more than a few.  It is no secret that much of this work involved identifying spectrum that was previously assigned to federal users and opening it up for consumer use.  But physically occupying an assigned spectrum band is not the only way that federal users or other incumbents can prevent a valuable swath of airwaves from being put to its highest and best use.  One other way is through receivers that “listen in” on frequencies that are beyond their assigned bands.

	This is far from a theoretical problem.  And we see it rather frequently when it comes to federal users, among others.  Take the L Band.  This is a valuable stretch of spectrum in the 1 GHz range that has been effectively sitting on the sidelines for over ten years now.  There’s no 5G there right now despite the FCC authorizing it and the band having a great mix of coverage and propagation characteristics.  Why?  Well, when you take the federal users’ public arguments and boil them down to their essence, it comes down to a disagreement over how much interference federal devices experience when they listen in to a spectrum band located far, far away from their assigned frequencies.  We are seeing something similar with the federal government’s arguments in the C-Band.  While the FCC’s expert engineering team determined that there is no harmful interference in either of those cases, that entire, time-consuming effort might have been avoided if more efficient receiver standards were in place.  Otherwise, our innovative use cases of the future are going to be constrained and limited by potentially decades old and inefficient standards.  

	And that’s where today’s NOI could make a real difference.  So I want to commend Commissioner Simington on his leadership and early interest in tackling this issue.  It’s not the easiest of areas to cut through.  Indeed, when the FCC launched a similar inquiry—all the way back in 2003—many predicted that spectrum management would become more difficult as the airwaves became more crowded due to the proliferation of wireless services.  Flash forward nearly 20 years later and this prediction has come to pass.  So I am hopeful that working together we can make good progress on this issue this time around.
	
	I think we’re off to a good start.  And I am pleased that Chairwoman Rosenworcel and Commissioner Simington worked closely to advance this NOI.  If we get it right, it has the potential to unlock tremendous value for consumers.

Finally, I would like to thank staff from the Office of Engineering and Technology for preparing this item.  It has my support. 


STATEMENT OF 
COMMISSIONER GEOFFREY STARKS

Re: 	Promoting Efficient Use of Spectrum through Improved Receiver Interference Immunity Performance.  ET Docket No. 22-137, Notice of Inquiry (April 21, 2022)

This Notice of Inquiry has been a long time coming. Nearly 20 years ago, the Commission took its first hard look at addressing the issue of receiver performance. Unfortunately, a wide variety of factors ultimately caused that proceeding to close without final action. Ten years later, there was yet another attempt at the issue of receiver performance, but once again, no final FCC action took place, even as our spectrum demands grew.   
This continued surge in spectrum usage has now brought us here, and it’s high time to reopen our inquiry into a whole-of-system approach to spectrum management. As today’s NOI rightly emphasizes, we have always had the authority to “regulate interference between stations.” While it’s well established that this authority reaches transmitters, it’s time to focus on receivers as well. 
In fact, the onus of protection we’ve placed on transmitters is hard to continue to justify. Borrowing the analogy of Pierre DeVries, if we compare the receiver performance issue to a neighborhood dispute, we’ve spent the past two decades forcing homeowners to speak in no more than a whisper to avoid disturbing their neighbors. The Role of Receivers in a Spectrum Scarce World: Hearing Before the H. Subcomm. On Commc’ns and Tech., 112th Cong. 15 (2012) (statement of Pierre de Vries, Senior Adjunct Fellow, Silicon Flatirons Center for Law, Tech., and Entrepreneurship, Univ. of Colorado at Boulder).
  That’s not fair.  
From my perspective, broadening our focus to encompass receiver performance could also have significant benefits for national security, public safety, and competition. As it stands, our markets are flooded with inexpensive receiving devices, many designed and manufactured overseas. While these devices may be functional, they could be susceptible not only to unintentional interference but also to nefarious interference events like jamming and spoofing. Fortunately, this issue might be mitigated, if not remedied, by improvements in receiver performance. To that end, I’m grateful to my colleagues for agreeing to my request to include language in the NOI seeking comment about this issue.
Of course, to realize these benefits, it is imperative to strike a regulatory balance that favors innovation. Overly sensitive receivers may limit spectrum usage, but overly prescriptive standards might stifle receiver innovation and ultimately do more harm than good.  It is a counterfactual, but what if our historic approach towards wireless use and transmitter equipment authorizations has, in some measure, stifled innovation? What’s the best approach to encourage innovation for both receivers and transmitters? I appreciate that the NOI now includes my questions on achieving this regulatory equilibrium.
It won’t be easy, and Federal agency coordination remains a critical part of the mission. We can only move forward on the issue of receiver performance if we act in collaboration with NTIA, since any action here will inevitably impact the interests of Federal agencies and their stakeholders. Emerging technologies will continue to run up against the interference concerns of incumbents, as our experiences in the C-Band, the L-Band, and the 6 GHz band show. There is room for improvement, and for this proceeding to succeed, we must seek common sense solutions and buy-in from all the key actors, including our Federal partners. 
Today’s Notice of Inquiry represents a great first step, and I applaud everyone who has brought it to this point. In particular, I commend Commissioner Simington for his leadership on this topic and Chairwoman Rosenworcel for prioritizing it within the agency. I’d also like to thank the innumerable supporters—both from within and without the FCC—who have kept the issue of receiver performance alive over the past two decades. Much of their work is rightfully recognized in the NOI itself, and all of that credit is well earned and well deserved.
I look forward to all of the thoughtful comments on this topic and to the progress that we can achieve alongside our Federal and commercial partners.  My thanks to OET for their hard work on this proceeding.
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	Radiofrequency regulation in the United States emerged from the regulation of radio communication to and from seafaring vessels in 1910. At that time, there were actual oceans of  physical space between ships, and metaphorical oceans of spectrum available for radio communications. The regulatory approaches were greenfield, the margins for error were wide, and spectral efficiency was not a concern.

	By the time President Franklin Roosevelt signed the Communications Act into law twenty-four years later, commercial spectrum was still comparatively roomy. Sure, there were a few hundred radio stations, and one-to-one radio communications had grown more spectrum-intensive, but there was still plenty of space to, as it were, spread out.

	And since the Communications Act was adopted, our regulations have, more or less, reflected the idea that spectrum is fundamentally abundant, and that mitigating interference and maximizing spectral efficiency is about spreading spectrum users out, whether geographically, or in radiofrequency. Even as spectrum use has intensified, legacy services, and non-spectrum activities dependent upon such services, have grown up in reliance on past allocations.

	But the era of abundant spectrum is coming to a close. Like real estate, they just aren't making any more of it. The future is dense spectral neighborhoods of commercial users packed tightly, in space and in spectrum, vying for every last hertz of usable real estate. We should think of RF spectrum as fully occupied land whose usage must inevitably intensify. Our regulatory philosophy must accommodate this new reality.

	The Notice of Inquiry we adopt today does just that. It asks what I view as the critical questions that must be answered if we are to prevent a spectral famine: how should the Commission allocate spectral rights; how should the Commission adjudicate spectral disputes; and how can the Commission treat the receive side of RF systems? It is time that our spectral rights framework becomes certain, and it is time that our regulatory approach goes duplex.

	This NOI is the Commission’s first step at exploring a new policy framework for commercial spectrum that takes these questions into account. And we must. To proceed with the status quo risks stymying innovative technologies that require intensive use of spectrum adjacent to incumbent commercial allocations. And potentially worse, it risks the regular recurrence of spectral disputes arising from implicit easements on valuable commercial spectrum reflecting ambiguous rights and adjudicative authority. The costs of this uncertainty are sometimes diffuse, and sometimes acute, but always too high.

	FCC spectrum policy must clearly and precisely define spectrum rights, both in-band and at band edges, and those rights must reflect efficient receiver performance where that is a reasonable goal. This is the only framework truly capable of accommodating the interests of not only industry incumbents and future commercial users, but that also stands as a model for federal users.  As I’ve argued before, we cannot afford the next C-Band fight—wherever in the allocation table it might be. This item takes a first step toward foreclosing that eventuality.

	There are a few ways to get to a full duplex regulatory philosophy from where we are now, and today’s Notice of Inquiry explores them all. From defining harm claim threshold rights for commercial 
users; to issuing policy statements on the Commission’s general approach; to defining receiver parameters in narrow cases, this Notice of Inquiry is held up by both belt and suspenders, and I believe the public comment to follow will be robust, clarifying, and informative as a result.

	My office has been thinking about this topic for some time, and we are deeply indebted to Chairwoman Rosenworcel for her energetic collaboration and ultimate introduction of this item. We have also massively benefitted from the Office of Engineering and Technology for their diligent work in drafting the item, as well as from the expertise of subject matter experts throughout industry and academia.

	I'd like to thank everyone who participated in or helped inform the FCC's Technological Advisory Council when it was studying these questions. But I'd be deeply remiss if I failed to specifically acknowledge two special contributors to my office’s understanding of the issues and development of conviction around these issues.

	The first is JP de Vries, whose work on all things spectrum—including, especially, harm claim thresholds—has evolved my own thinking on the topic.

	The second is Dale Hatfield, who used to head our own OET. It will surprise no one when I say that an hour’s conversation with Dale can yield a year of technical agenda. I have shamelessly pilfered his brilliant ideas and intend, with any luck, to steal many more. Thank you Dale.

	I am proud to support this item.
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